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Summary of Thesis 
This dissertation focuses on lameness as one of the most important welfare 
issues of the dairy industry. All cows are at risk of suffering from lameness 
during their productive life. Lame cows have impaired welfare, will produce 
less milk and have compromised fertility. Lameness is a significant cause of 
involuntary culling of highly productive cows. In order to prevent cows 
from becoming lame and reducing the likelihood of lameness, a thorough 
knowledge of the risk factors is essential. 
 
Most of the studies on risk factors of lameness arise from the Northern US 
where the majority of cows are housed all year round in freestall barns. 
Although some of the areas (such as concrete holding yards) can be related 
to when assessing risk factors on a farm, limited studies have investigated 
pasture-based dairy farming systems. A previous study of risk factors of 
lameness was conducted in New Zealand, however, due to the differences in 
the breed of cows and dairy management in NSW, this project was 
undertaken to identify risk factors of lameness in NSW pasture-based 
dairies.  
  
The first part of the thesis reviews past and current literature pertaining to 
lameness in dairy cattle. Lameness is a symptom seen worldwide and can 
be due to various reasons, however, the literature review focuses on the 
main aspects of lameness regarding pasture-based dairy farming. This is 
consistent with the focus of the work conducted on lameness in Australian 
pasture-based dairies. However, due to the limited number of studies 
conducted on lameness in dairy cows in pasture-based systems further 
references are included where applicable when they relate to specific risk 
factors.  
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The second part of this thesis presents a series of articles that have been 
published, accepted and submitted for publication.   
 
Chapter 2 represents an article published in the Journal of Dairy Science in 
2016 (Ranjbar et al., 2016). It presents the results of a multivariable 
investigation into the risk factors for lameness in 62 pasture-based dairies 
in NSW. The relationship between lameness and 36 potential risk factors 
was assessed. The objective of this work was not only to identify risk 
factors for lameness but also to provide dairy consultants and farmers with 
an indication as to the relative contribution of these risks so that dairy 
producers could allocate limited resources to areas most likely to have the 
greatest impact when planning a prevention strategy. This article also 
represents data on locomotion scores of almost 19000 cows and represents 
the first published lameness prevalence in NSW dairies.  
 
Chapter 3 describes the second part of the data gathered through the 
interviews with farmers. The focus of this chapter is the farmers’ perception 
of lameness in their herds. Farmer perceptions are integral to effecting 
changes. International experience suggests farmer perceptions of lameness 
are less than the true prevalence, this also proved to be the case in NSW, 
Australia. It also presents descriptive data on management of lameness 
cases on farms. The reduced perception of lameness appears to be 
associated with delayed treatment which is likely to negatively impact the 
effectiveness of treatment. Treatment outcomes may be further 
compromised by almost 30% of farmers or farm staff not having undergone 
training as to how to effectively trim and treat lame cows.  
 
Chapter 4 presents data on wooden hoof blocks. These blocks are 
commonly used in treatment of lame cows globally. Despite the common 
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application of this treatment modality, there is a paucity of criteria defining 
desirable characteristics of hoof blocks. This study was performed to assess 
the association between wood density, longevity, and wear characteristics 
of wooden blocks. This study has been submitted to The Veterinary Journal 
and is awaiting decision from the editors. This study demonstrated that the 
hardness of blocks significantly influences the longevity and wear of 
wooden hoof blocks. A sample of commercially available blocks was 
evaluated for comparative purposes. The hardness of the commercial 
blocks was mostly found to be insufficient to provide an appropriate 
duration of protection for healing claw lesions.  
 
Chapter 5 discusses the results, limitations, and conclusions of the work 
conducted and outlines areas in need of further research.  
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Chapter 1 1 
Introduction 2 
 Introduction 3 
Lameness is considered one of the most important health issues in the dairy 4 
industry alongside reproductive failure and mastitis. However, due to its 5 
painful nature and disruption to the routine activities of the cow and her 6 
ability to express her natural behaviour, it is regarded as the number one 7 
welfare issue. Although lameness has been investigated for a long period 8 
the incidence and prevalence of lameness is still rising in some areas 9 
around the world (Foditsch et al., 2016). Possible contributors to this trend 10 
can be the adoption of more intensive farming practices. This trend to 11 
larger farms, higher milk production, and increased supplemental feeding 12 
on feed pads or in bails is also true for the Australian dairy industry. 13 
However, herd size has not yet been found as a contributing factor for 14 
increased prevalence of lameness in some studies (Espejo and Endres, 15 
2007; Chapinal et al., 2013a).  16 
Despite the importance of lameness in the industry, lameness had gained 17 
less attention in comparison with reproduction and mastitis. In a study by 18 
Hirst (2002) in classifying the literature on lameness, they found that the 19 
majority of the articles in this field were not peer reviewed and did not offer 20 
new research. In Australia, research on lameness in dairy cattle is quite 21 
scarce with the majority published prior to the year 2000. Recently, 22 
however, more focus has been given to this subject and management of 23 
lameness.  24 
In dealing with lameness in a dairy herd it is important to identify the main 25 
lesions causing lameness as risk factors may differ for different lesions. This 26 
indicates the importance of hoof trimmers and or farms keeping good 27 
records (Lawrence et al., 2011). Peer-reviewed published studies of risk 28 
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factors for dairy cow lameness have mainly been derived from intensively 29 
housed dairy production systems. There is only one article on factors 30 
associated with lameness in Australia (Harris et al., 1988). Knowledge of 31 
risk factors improves the effectiveness of the resources allocated to the 32 
prevention of lameness in our dairies. 33 
In a recent review of literature on lameness prevention and treatment, 34 
Potterton et al. (2012) found that from 286 peer-reviewed papers 35 
published from 2000 to 2011, only 31 articles had information on 36 
treatment. One of the main aspects of treatment of claw lesions in dairy 37 
cows is the application of a wooden or PVC hoof block on the opposite 38 
sound claw in order to prevent the injured claw from weight bearing. 39 
Blocks should be applied on claws that have been functionally trimmed and 40 
correct length and angle has been restored, otherwise, application of a block 41 
can be worthless. Blocks are supposed to provide support for the expected 42 
duration of the healing process which is believed to be 28 days (Sala et al., 43 
2008). However, no study has been done on longevity of wooden block 44 
application in dairy cattle.  45 
This thesis focuses on the two important aspects of prevention and 46 
treatment. The first two chapters focus on risk factors for and farmer 47 
perceptions of lameness in pasture-based dairies in order to aid with 48 
prevention of lameness in dairy herds. The third chapter focuses on welfare 49 
of the treated cows by providing data on the optimal hardness of the wood 50 
to be used in manufacturing wooden blocks that will last the desired length 51 
of time. 52 
  53 
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Chapter 2 54 
REVIEW OF THE LITERATURE 55 
 Literature review 56 
2.1. Lameness and Welfare  57 
The “Five basic needs of livestock” recognises the need of, freedom from 58 
thirst, hunger or malnutrition; Freedom from discomfort, Appropriate 59 
comfort and shelter; Freedom from pain, injury or disease; Freedom of 60 
movement and the opportunity to express most normal patterns of 61 
behaviour and Freedom from fear and distress. Lameness in cattle is not a 62 
single condition; rather it is a symptom of a wide range of different 63 
diseases. The aetiology and pathogenesis of many of these diseases remains 64 
poorly understood (Huxley, 2012). Many of the diseases that cause 65 
lameness are associated with discomfort compromising movement and 66 
expression of normal behaviours such as oestrous. Lameness of dairy cattle 67 
is recognised as an important welfare issue (FAWC, 1997), it features highly 68 
as one of the major causes of compromised dairy cattle welfare (Webster, 69 
1986).   70 
The International Association for the Study of Pain (IASP) has defined pain 71 
in humans as “an unpleasant sensory and emotional experience associated 72 
with actual or potential tissue damage or described in terms of such 73 
damage” (Merskey and Bogduk, 2002). As quantifying pain in animals is 74 
difficult, due to the inability to communicate, Molony and Kent (1997) have 75 
proposed the following interpretation; “Animal pain is an aversive sensory 76 
and emotional experience representing an awareness by the animal of 77 
damage or threat to the integrity of its tissues. It changes the animal’s 78 
physiology and behaviour to reduce or avoid the damage, to reduce the 79 
likelihood of recurrence and to promote recovery”. In recent years, 80 
assessment of pain in animals has received more attention due to increased 81 
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awareness of animal welfare (Landa, 2012). However, assessment of pain in 82 
farm animals has proven difficult as hiding signs of pain is a survival 83 
strategy in prey animals (Underwood, 2002; Stafford, 2006). Physiological, 84 
behavioural and productivity indices are used to indirectly assess pain in 85 
cattle. Assessment of distress is achieved by analysing the response of two 86 
physiological systems, sympathetic adrenomedullary and hypothalamic-87 
pituitary-adrenocortical. “Fight-flight” responses relating to activation of 88 
the sympathetic adrenomedullary system can be assessed using adrenaline, 89 
noradrenaline plasma concentrations, heart rate and blood pressure. 90 
Plasma or saliva concentration of cortisol, adrenocorticotrophic hormone 91 
and corticotropin-releasing factor are indices of HPA activity. Specifically, in 92 
regards to lameness in cattle, biochemical, pathological, physiological, 93 
behavioural and production changes have all been used to assess pain. A 94 
limitation of all of these measures is a lack of specificity as they are also 95 
influenced by factors other than pain (Stafford, 2006).  96 
In a study utilising plasma cortisol, adrenaline, noradrenaline and 97 
dopamine levels to assess pain associated with lameness in dairy cattle, no 98 
statistically significant difference was found between the sound and lame 99 
cows (Ley et al., 1996). However, in the same study mechanical threshold 100 
proved to be lower in lame cows compared to sound cows. This reduction in 101 
mechanical nociceptive threshold (hyperalgesia) has also been identified in 102 
studies of pain in humans. They observed pain at the inflammatory site and 103 
also increased sensitivity to a noxious stimulus applied at a distance from 104 
the lesion (Levine, 1992).  Similar hyperalgesia was observed in lame cows 105 
(Whay et al., 1997). In this study (Whay et al., 1997), however, it was not 106 
possible to make the distinction between peripheral sensitization and 107 
spinal sensitization. Laven also revealed that the hyperalgesic state in lame 108 
cows remains for as long as 28 days despite treatment (Laven et al., 2008), 109 
these results are in agreement with similar results obtained from studies on 110 
sheep (Ley et al., 1989).   111 
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Changes in behaviour can also be used as an indirect indicator of pain 112 
(Rushen et al., 2007). A range of changes in posture and gait are produced 113 
by pain, associated with lameness, in order to reduce the level of discomfort 114 
(Whay, 2002). Lame cows often exhibit uneven weight distribution between 115 
their hind legs when standing and more weight shifting (Chapinal et al., 116 
2010b). Changes in gait associated with hindlimb lameness include a longer 117 
stride duration, shorter stride length on both fore- and hindlimbs and a 118 
slower walking speed compared to non-lame cows (Blackie et al., 2013; 119 
Flower et al., 2005). Numerical rating systems and visual analogue scales 120 
are simple descriptions of behaviour which have been used to provide an 121 
indirect measure of pain. Several locomotion scoring systems (O'Callaghan 122 
et al., 2003; Sprecher et al., 1997; Wells et al., 1993b; Whay, 2002; Whay et 123 
al., 1997) and numerical rating systems (O'Callaghan et al., 2003) have been 124 
used to evaluate lameness in dairy cattle.  125 
Lameness also affects milking, grazing, eating and lying. Lame cows arrive 126 
at the milking parlour much later than sound cows and are more restless 127 
when being milked. Lame cows on pasture were seen to graze less and have 128 
lower bite rates than sound cows (Hassall et al., 1993). Dry matter intake of 129 
lame and non-lame cows in automatic milking systems were quantified 130 
(Bach et al., 2007) showing that lame cows had decreased feeding time and 131 
dry matter intake which was associated with reduced milk production. 132 
Similar results were reported by González et al. (2008), Palmer et al. (2012) 133 
and Norring et al. (2014). The drop in feeding time and feed intake happens 134 
before a change in gait is noticeable (Norring et al., 2014). Even though 135 
feeding time decreases in lame cows, it has been shown that intensively 136 
housed lame cows seem to compensate by increasing their feeding rate 137 
(Manson and Leaver, 1989b; Norring et al., 2014), however, this was not 138 
significant. Lameness increased lying time through increased frequency and 139 
longer duration lying bouts (Sepúlveda-Varas et al., 2014; Westin et al., 140 
2016). Lame cows also have more variability in the duration of lying bouts 141 
(Ito et al., 2010). 142 
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 143 
2.2. Lameness and its Economic Impact 144 
Lameness is reported to be the third largest cause of economic loss to dairy 145 
farms after mastitis and reproduction (Enting et al., 1997). They found that 146 
the five main sources of loss due to clinical lameness accounted for 93% of 147 
the total loss. The five sources included: 1. loss of milk production; 2. 148 
prolonged calving interval; 3. veterinary costs; 4. Premature culling; and 5. 149 
farm labour and treatment costs (Enting et al., 1997). In contrast, some 150 
studies suggest that 82% of the costs associated with lameness are due to 151 
reduced milk production and fertility with veterinary costs only 152 
contributing 1% of the total cost (Willshire and Bell, 2009).  153 
 154 
2.2.1. Lameness and Milk production 155 
Lameness has been purported to reduce milk volume (Whitaker et al., 1983; 156 
Tranter and Morris, 1991; Green et al., 2002) and alter milk components. 157 
The negative impact on daily milk solids produced is greater than the 158 
impact on daily milk volume (Tranter and Morris, 1991; Enting et al., 1997; 159 
Green et al., 2002), with reports of milk protein being depressed more than 160 
milk fat (Enting et al., 1997). Poor locomotion has been associated with a 161 
significant reduction in milk yield of later lactation cows and a significant 162 
difference exists in the shape of the lactation curve of lame cows (Onyiro et 163 
al., 2008; Green et al., 2002). 164 
High-yielding cows experience a higher incidence of lameness (Deluyker et 165 
al., 1991; Green et al., 2002; Amory et al., 2008a; Bicalho et al., 2008), with 166 
genetic studies showing a positive correlation between high milk yield and 167 
the incidence of lameness (Hansen et al., 1979). In a study in UK, 8000 test 168 
day milk yields of 900 cows were analysed over two years. Stage of 169 
lactation, parity and lameness were shown to affect milk production (Green 170 
et al., 2002). It was also found that in clinically lame cows, milk yield was 171 
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reduced up to four months prior to the diagnosis and treatment of lameness 172 
through five months following treatment. The estimated reduction in milk 173 
yield per 305-day lactation was approximately 360 kg (Green et al., 2002). 174 
Milk production loss reported in a Finnish study was 1.5 to 2.8 kg/day 175 
following lameness diagnosis with first lactation cows most severely 176 
affected (Rajala-Schultz et al., 1999). In contrast, other studies have not 177 
found lameness to have a significant effect on milk yield (Kocak et al., 2006) 178 
and others like Dohoo and Martin stated that lameness had a positive effect 179 
of 1.6% on milk yield per day of life (Dohoo and Martin, 1984). This 180 
paradoxical outcome was interpreted to reflect lameness is more likely to 181 
occur in higher yielding cows and/or that lame cows are only kept in the 182 
herd if their milk production warrants their retention.   183 
The negative impact of lameness on milk production is influenced by the 184 
type of lesion causing lameness. It was found that cows diagnosed with sole 185 
ulcers had a greater drop in milk production compared to cows with foot 186 
rot which only caused a short-term loss (Warnick et al., 2001). This finding 187 
was consistent with an earlier study in which cows with foot rot or digital 188 
dermatitis lesions returned to a normal pain response quicker than those 189 
with white line lesions or sole ulcers (Whay et al., 1998). A survey in the UK 190 
showed that cows with sole ulcer and white line disease had significant 191 
decrease in milk yield per lactation, 574kg and 369kg, respectively (Amory 192 
et al., 2008a). These results are also supported by a later study which 193 
reported that sole ulcers induce more economic loss than white line lesions 194 
and digital dermatitis at a cost of £519 (AUD 930.36), £300 (AUD 537.78) 195 
and £75 (AUD 134.45) respectively (Willshire and Bell, 2009). Hernandez et 196 
al. (2002) had reported that interdigital Phlegmon decreased milk 197 
production by approximately 10%.  198 
 199 
 200 
  201 
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2.2.2. Lameness and Reproduction 202 
Lameness impacts the reproductive performance of dairy cows in 203 
numerous ways, a summary of studies conducted and the reproductive 204 
impacts identified is presented in Table 2.1. 205 
Lameness is associated with a prolonged calving to first service interval 206 
(Collick et al., 1989). In 1986 Lucey reported that cows that were lame (at 207 
36 – 70 days in milk) due to sole or white line lesions had the greatest 208 
increase in this reproductive index (Lucey et al., 1986). Lame cows have 209 
been observed to have delayed postpartum resumption of ovarian cyclicity 210 
(Petersson et al., 2006). In a study performed by Garbarino et al. (2004), 211 
during the first 60days post-partum, progesterone levels were monitored 212 
weekly in order to determine corpus luteum function in lame and non-lame 213 
cows. Lame cows had 3.5 times greater odds of delayed cyclicity during the 214 
early postpartum period. It was also suggested that delayed ovarian 215 
cyclicity in lame cows would be reduced by 71% if lameness had been 216 
prevented (Garbarino et al., 2004). In this study, ketosis was also found to 217 
be a risk factor for delayed cyclicity and it was likely that an interaction 218 
between lameness and ketosis affected the resumption of cyclicity. The 219 
interaction was not investigated due to small sample size (Garbarino et al., 220 
2004). In a larger study in Sweden, Petersson et al. (2006) analysed data 221 
collected over 15 years from 1106 lactations. In this study, milk 222 
progesterone was measured from the second week after calving in order to 223 
assess the interval from calving to first luteal activity, proportion of luteal 224 
activity in the first 60 days in milk and calving to first ovulatory oestrus 225 
interval. Lameness increased the interval between calving and first luteal 226 
activity by 18 days. It also prolonged the interval from calving to first 227 
ovulatory oestrus and decreased proportion of luteal activity in the first 60 228 
days in milk. Lame cows also received more treatments for post-partum 229 
anestrus than sound cows (Petersson et al., 2006). Morris et al. (2011) 230 
demonstrated that despite receiving exogenous hormones from 30 to 80 231 
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days post-calving, 50% of lame cows failed to respond to treatment, where 232 
29% were totally unresponsive and 21% although responding to the 233 
synchronisation, failed to ovulate. Using ultrasonography, they were able to 234 
show that in lame cows, larger follicles that fail to ovulate become non-235 
functional and remain present on the ovary. Ovulatory failure was 236 
determined to be associated with lame cows having a low LH pulse (Morris 237 
et al., 2011). Consistent with this finding is the higher incidence of cystic 238 
ovarian disease in lame cows which was explained by Melendez et al. 239 
(2003). Inhibition of the pre-ovulatory LH surge has been proposed as a 240 
mechanism for higher risk of ovarian cysts in lame cows (Dobson and 241 
Smith, 2000; Morris et al., 2009). Ovarian cysts are a risk factor for 242 
infertility in dairy cows (Bartlett et al., 1986; Lucy, 2001), they affect 10-243 
30% of lactating dairy cows (Garverick, 1997; Kelton et al., 1998) and are 244 
more likely to occur within the first 80 days postpartum (Bartlett et al., 245 
1986; Ostergaard and Grohn, 1999). Ovarian cysts have also been 246 
associated with other risk factors, such as season, nutrition, genetics, milk 247 
production and cow management (Melendez et al., 2003). Melendez 248 
demonstrated that cows experiencing a lameness event in the first 30-days 249 
post-partum were 2.63 times more likely to develop an ovarian cyst before 250 
first breeding than non-lame cows (Melendez et al., 2003).  251 
It has been proposed that stress associated with lameness reduces 252 
frequency and amplitude of Gonadotrophin-releasing hormone (GnRH) and 253 
luteinizing hormone (LH) pulses; and delays onset of LH surge. It was 254 
hypothesised that reduction in endogenous GnRH and LH secretion 255 
deprives the ovarian follicle of sufficient gonadotropin support leading to 256 
reduced estradiol and progesterone production by slower growing follicles 257 
(Dobson and Smith, 2000). Insufficient ovarian production of estradiol and 258 
progesterone (Allrich, 1994) results in delay, inhibition or depression of 259 
oestrous expression. Lame cows were found to have lower levels of 260 
endogenous progesterone before estrus rather than decreased levels of 261 
oestradiol (Walker et al., 2010). Lame cows spend less time expressing 262 
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oestrus behaviour (Walker et al., 2008b), reflected by a shortened period of 263 
time standing to be mounted during oestrous (Walker et al., 2010). In this 264 
study, a weighted scoring system was used to quantify oestrous behaviour 265 
and it was determined that lameness was associated with 37% reduction in 266 
oestrus intensity. They argued that the reduction in intensity of oestrous 267 
expression was due to the fact that lame cows have physical limitations 268 
leading to less mounting behaviour, decreased restlessness and failure to 269 
keep up with the mobile sexually active group (Walker et al., 2010). Lame 270 
cows also tend to sniff other cows less (Walker et al., 2008a) which is used 271 
to detect pheromones by oestrous herd mates  (Izard, 1983). Receiving less 272 
positive feedback motivation from other cows, lame cows express a less 273 
intense oestrus.   274 
Lameness is also associated with a prolonged interval from first service to 275 
conception (Barkema et al., 1994; Sprecher et al., 1997), increased number 276 
of services per conception (2.14 vs 1.72) and an increase in calving to 277 
conception of 14 days (Collick et al., 1989). Similar increases in calving to 278 
conception intervals and reduction in conception rates have also been 279 
reported by Hernandez et al. (2001). The negative impact on conception 280 
rate has been observed to precede as well as follow the diagnosis of 281 
lameness with lower conception rates reported during the 63 days prior to 282 
diagnosis (Lucey et al., 1986). 283 
The cumulative negative effect of lameness on reproductive performance is 284 
a prolonged calving to conception interval (Chapinal et al., 2013b). Bicalho 285 
et al. (2007b) enrolled 1799 cows in a study designed to assess the impact 286 
of lameness on reproductive performance of dairy cows. Cows were 287 
locomotion scored during the first 70 days after calving on a 1 to 5 scale, 1 288 
being sound and 5 being severely lame. Cows with a locomotion score ≥ 3 289 
had a calving to conception interval 30 days longer (149 vs 119) than cow’s 290 
locomotion scored ≤ 2. These results were corroborated by Machado et al. 291 
(2010) who showed that lame cows had a median calving to conception of 292 
163 compared to 119 days for cows with no claw horn lesions.  293 
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Severity of lameness has also been demonstrated to be important in its 294 
effects on reproductive performance. In a study of 499 US Holstein cows, 295 
calving to conception interval was 66 days longer for lame cows. Amongst 296 
the lame cows those with higher cumulative locomotion scores, during the 297 
first 8 weeks postpartum, became pregnant later than those with lower 298 
cumulative scores (Hernandez et al., 2005). This result was later backed up 299 
by Peake et al. (2011) in a study in UK. They found that during early 300 
lactation the presence of a severe production stressor, such as lameness, 301 
resulted in a longer calving to first luteal phase interval. However, there 302 
was no significant stressor effect if it was classified as moderate unless 303 
coupled with another moderate stressor (such as moderate body condition 304 
loss or transient subclinical mastitis) (Peake et al., 2011). These studies 305 
illustrate not only the importance of lameness but also the importance of its 306 
early diagnosis (and intervention) and the potential to attenuate effects of 307 
lameness on reproductive performance.  308 
 309 
 310 
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 311 
Table 2. 1. Studies exploring the effects of lameness on reproductive indices 
in dairy cows. 
Study Effect of lameness 
Lucey et al. (1986) - Longer calving to first service interval 
- Longer calving to conception 
Collick et al. (1989) 
- Calving to first service interval (4 days longer) 
- Calving to conception (14 days longer) 
- Lower pregnancy rate 
- Increased number of insemination per pregnancy 
Barkema et al. (1994) 
- Prolonged calving to first service (2.9 days, hindlimb 
lameness; 4.6 days, forelimb lameness) 
- Prolonged first service to conception interval (3.4 days) 
- No effect on first service pregnancy rate 
Sprecher et al. (1997) 
- Prolonged days to first service (2.8 days) 
- Prolonged days open (15.6 days) 
- Increased service per pregnancy 
Enting et al. (1997) - Prolonged calving interval (8.9 days) 
Dobson and Smith (2000) - Increased insemination per conception 
- Reduced fertility  
Hernandez et al. (2001) 
- Prolonged calving to conception 
- Increased number of service per pregnancy 
- May compromise maintaining pregnancy 
Gomez et al. (2003) - No interference with expression of estrous 
Melendez et al. (2003) 
- Lower conception rate at first service 
- Higher incidence of ovarian cysts 
- No effect on calving to first service interval 
Garbarino et al. (2004) - Delayed post-partum ovarian activity 
Hultgren et al. (2004) - Reduced reproductive performance 
Hernandez et al. (2005) - Prolonged calving to conception 
Petersson et al. (2006) - Longer interval from calving to first luteal activity 
- Longer interval from calving to first ovulatory oestrus  
Sogstad et al. (2006) - Poor reproductive performance 
Bicalho et al. (2007b) - Lame cows less likely to be pregnant 
Walker et al. (2008a) 
- Lower progesterone prior to estrus 
- Reduced estrus intensity 
Machado et al. (2010) - Lower conception rate 
Walker et al. (2010) 
- Shortens period when herd-mates attempt to mount 
- Mounted less frequently 
- Estrus expression of low intensity 
Kara et al. (2011) - Increased likelihood of repeat breeding 
Morris et al. (2011) 
- 29% absence of ovarian activity 
- 21% failed to ovulate or express estrus 
- 50% no reproductive parameters were affected 
Peake et al. (2011) 
- Longer interval between calving and first luteal phase 
(severe lameness) 
Chapinal et al. (2013b) 
- Longer calving to conception 
- Longer calving interval  
(Weak Association was found) 
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2.2.3. Lameness and Culling / Mortality 312 
Factors such as seasonal variations in carcass prices, input and output 313 
prices and other variables influence culling (Arendonk, 1985; Arendonk and 314 
Dijkhuizen, 1985). This makes it difficult to correctly assess the influence of 315 
lameness on culling. However, Lameness has been reported to increase the 316 
risk of involuntary culling (Collick et al., 1989; Esslemont and Kossaibati, 317 
1997) and mortality (McConnel et al., 2008). In 1984 Dohoo investigated 32 318 
commercial dairy herds around Ontario and found that 5% of all culls are 319 
due to feet and leg problems including disease of foot or leg and poor 320 
conformation (Dohoo and Martin, 1984). In 1997 Sprecher et al. cited that 321 
on a scale of 1 to 5 (1 being sound and 5 extremely lame) a cow with 322 
locomotion score of >2 would spend or be assigned more days in the 323 
breeding herd, require additional services to become pregnant, and be 8.4 324 
times more likely to be culled (Sprecher et al., 1997). A three-year survey of 325 
50 dairy farms in England, between 1990 and 1992, showed that on average 326 
lameness comprised 5.6% of all the involuntary cullings in those farms. This 327 
percentage increased with lactation number from 3.5% to 9% for first 328 
lactation to seventh lactation, respectively (Esslemont and Kossaibati, 329 
1997).      330 
Results of a survey by the National Animal Health Monitoring System 331 
(NAHMS, 2002) in the United States reported lameness or leg injury was 332 
responsible for 14% of all dairy cattle culled. In Germany, culling due to feet 333 
and leg disorders were reported to be 3.2% in 1980 and 9.1% in 2000, as 334 
shown in annual statistics published by the German Cattle Breeders 335 
Federation (ADR, 1980–2000) (Koenig et al., 2005).  336 
Effects of lameness on culling not only differ depending on lactation 337 
number (Esslemont and Kossaibati, 1997) but also when in lactation it is 338 
diagnosed (Booth et al., 2004). In a study of 2520 cows in free-stalls, it was 339 
demonstrated that lameness is associated with increased culling if 340 
diagnosed during 61 to 120 days in milk and towards the end of lactation 341 
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(Booth et al., 2004). The association of lameness and culling was greater in 342 
early lactation vs. late, which was thought to be due to more severe effects 343 
on milk yield and fertility in early lactation rather than late lactation. As the 344 
effect of lameness was shown to be dependent on time it was diagnosed, 345 
this study illustrates the importance of accounting for time dependency of 346 
both lameness and culling in statistical models (Booth et al., 2004). In a 347 
prospective observational cohort study in New York State, 1799 cows were 348 
enrolled and visually locomotion scored (VLS) in the first 70 days in milk 349 
for signs of lameness on a scale of 1 to 5. VLS 1 was considered sound and 350 
VLS 5 meant that the cow was extremely lame. In this study, it was found 351 
that cows with VLS = 3 and cows with VLS = 4 were more likely to be culled 352 
compared to sound cows, with the hazard ratio of 1.45 and 1.74 353 
respectively (Bicalho et al., 2007b).      354 
McConnel et al. (2008) demonstrated that farms with higher prevalence of 355 
lameness have higher odds of mortality. Dairy farms with higher than 16% 356 
lameness were 2.89 times more likely to have higher cow mortality when 357 
compared to herds with low level of lameness (<3.3%). However, these 358 
results should be interpreted with caution as this study generally studied 359 
the relationship between lameness and culling rather than focusing on 360 
lameness as the causal factor. In an observational cohort study, a significant 361 
association was found between presence of claw horn lesions (such as 362 
white line lesion or sole ulcer) at dry off and reproductive performance in 363 
the following lactation (Machado et al., 2010). These workers found cows 364 
with claw horn lesions at dry off were 1.7 times more likely to be culled or 365 
die compared to cows that had no claw horn lesions (Machado et al., 2010).   366 
Some studies found no relation between lameness and culling (Barkema et 367 
al., 1994; Hultgren et al., 2004). In studies of culling, “culling bias” should 368 
always be considered as a factor influencing the results. This bias is 369 
especially important when considering diseases such as lameness which 370 
can happen anytime during lactation. It’s noteworthy that higher 371 
production cows remain in the herd for longer and hence are more likely to 372 
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experience claw disease at least once during their lactation (Warnick et al., 373 
2001). Barkema et al. (1994) found that lameness was seen more in cows 374 
with higher milk yield in the preceding lactation. Therefore, it was 375 
speculated that farmers tend to tolerate more problems in high yielding 376 
cows than below average producers or high milk production may be a risk 377 
factor for lameness (Barkema et al., 1994).  378 
 379 
2.3. Locomotion Scoring 380 
Locomotion scoring has been used to assess the presence and severity of 381 
lameness in cows (Manson and Leaver, 1988a; Sprecher et al., 1997). 382 
Locomotion scoring has been performed manually and via video 383 
surveillance (automated) (Bicalho et al., 2007a; Schlageter-Tello et al., 384 
2014).  385 
Manual locomotion scoring has become more popular in recent years as it is 386 
an easy, inexpensive and non-invasive tool that can be used on-farm to 387 
detect lame cows (Whay, 2002). Locomotion scoring is done on ordinal 388 
scales of anywhere between two (Groehn et al., 1992)  and 13 (Offinger et 389 
al., 2013). Depending on the scoring system, while manually locomotion 390 
scoring, the observer considers gait traits such as abduction or adduction of 391 
the limbs, gait asymmetry, joint flexibility, stride length and posture (i.e. 392 
arched back and head movements (bob)) (Schlageter-Tello et al., 2014). 393 
Practicality of locomotion scoring as an on-farm tool in assessment of 394 
lameness was verified by the high level of inter-observer repeatability and 395 
agreement shown in some studies (Winckler and Willen, 2001). However, 396 
studies that evaluated the reliability and repeatability of locomotion scoring 397 
have suggested that agreement between observers increases in scoring 398 
systems with fewer categories (March et al., 2007).   399 
Whay (2002) suggested that as a part of herd health programs, locomotion 400 
scoring of the herd should be done twice a year to identify lame cows 401 
earlier and assess effectiveness of lameness treatments and preventative 402 
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interventions. However, to assess effectiveness of treatment and recovery 403 
rate of lame cow more frequent scoring has been suggested (Groenevelt et 404 
al., 2014). 405 
 406 
2.4. Structure and function of the foot and claw capsule 407 
The distal phalanx of the cow is surrounded by the dermis and epidermis 408 
which produce horn that makes up the claw capsule (Capsula Ungulae). The 409 
subcutis layer underlying the dermis has developed into digital cushions in 410 
some regions. All of these are fitted into the claw capsule. The claw capsule 411 
has five segments which are produced from different regions of the 412 
underlying tissue. These segments are the Periople, Coronary band, Wall, 413 
Sole and the Bulb (heel) (Greenough, 2007b). Keratinization of the 414 
epidermal cells is a result of keratin protein and intercellular cementing 415 
substance synthesis. The structure of hoof horn and its quality is regulated 416 
by this process (Mülling et al., 1999). The epidermis just beneath the 417 
coronary band is accountable for producing wall horn (with a moisture 418 
content of ~26%) which is the most obvious part of the claw 419 
capsule(Greenough, 2007b).  420 
 421 
2.4.1. Function of the claw capsule 422 
Inside the claw capsule, the pedal bone is held in place via two systems, the 423 
suspensory apparatus and the pedal bone support system. The suspensory 424 
apparatus consists of the lamellae leaflets lining the inside of the claw 425 
capsule and laminae (dermal lamellae) covering the pedal bone. The pedal 426 
bone support system consists of the distal interphalangeal ligament and the 427 
digital cushions. The digital cushion is composed of fat and connective 428 
tissue which absorbs much of the compression during walking. It consists of 429 
three pads; abaxial, middle and axial (longest) (Räber et al., 2004). 430 
 431 
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2.4.2. Biomechanics of the claw capsule 432 
Claw quality is the product of horn characteristics, claw shape and the 433 
anatomy and physiology of the inner structures of the claw (Politiek et al., 434 
1986). Kempson and Logue demonstrated that quality of the claw horn 435 
produced and structure of the white line is weakened at calving time. 436 
Compromised claw horn quality may contribute to development of claw 437 
lesions (Kempson and Logue, 1993). Claw shape is the main determinant of 438 
weight distribution and balance of the foot (van der Tol et al., 2004) which 439 
is determined by genetic components and by the dynamics of horn growth 440 
and wear (Vermunt and Greenough, 1995). After assessing the relationship 441 
between claw conformation and occurrence of lameness, Russell reported 442 
42% of claw lesions occurred in abnormally shaped claws (Russell et al., 443 
1982). Murray recognised that the lateral claw of the hind limb is the main 444 
claw on which claw horn lesions occur (Murray et al., 1996). Biomechanical 445 
studies reveal that lateral and medial claws of the hind limbs are loaded 446 
unequally, with greater pressure on the lateral claws (van der Tol et al., 447 
2002). In a study (Nuske et al., 2003) investigating growth and 448 
development of claw capsule in newborn calves, it was demonstrated that 449 
in all feet the wall length of the medial and hind claws were the same in the 450 
first three months of life. However, in adult cattle, the hind lateral claws and 451 
the fore medial claws are longer, which was suggested to be a consequence 452 
of permanent overloading during walking and hence overgrowth (Nuske et 453 
al., 2003). It has also been suggested that this overloading can be due to 454 
anatomical differences between the length of the medial and lateral hind 455 
digits (Paulus and Nuss, 2002). In this regard, Nacambo conducted a study 456 
in calves which revealed that lateral condyles of the metatarsal bones are 457 
longer than the medial (Nacambo et al., 2007) which may result in 458 
overloading of the lateral claw.  459 
Suitable techniques for imaging claw horn and underlying soft tissues for 460 
measurement of sole horn thickness in bovine claws have been described 461 
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before (Kofler et al., 1999). In a study conducted by van Amstel in 2004, 462 
using the imaging methods suggested by Kofler, the soft tissue layer 463 
(corium and subcutaneous tissue) of the lateral claw of the hind leg was 464 
observed to be significantly thicker than that of the medial claw (Amstel et 465 
al., 2004). He suggested that differences in thickness might be due to 466 
induced hypertrophy of the soft tissue as a result of uneven weight bearing 467 
on the medial and lateral claws as described by Paulus and Nuss (Paulus 468 
and Nuss, 2002). These workers showed that lateral claws bear more 469 
weight than medial claws on the hind limbs. They also found that if both 470 
claws of a hind foot are trimmed evenly, to create a flat bearing surface, the 471 
sole of the lateral claw is significantly thinner than that of the medial claw 472 
(Paulus and Nuss, 2002) which suggests closer proximity of the pedal bone 473 
to the sole on the lateral claw.  474 
 475 
2.4.3. Hoof Growth and Wear 476 
Claw horn is in a state of continuous turnover. In the normal bovine claw, 477 
growth and wear of horn occur at approximately equal rates (Vermunt and 478 
Greenough, 1995) (Table 2.2). Hoof horn production is through a complex 479 
process of keratinization (differentiation) of epidermal cells (Tomlinson et 480 
al., 2004). Different methods have been described in defining horn growth 481 
and wear. Researchers measured hoof growth and wear by placing a point 482 
on the hoof wall and measuring the displacement from a second reference 483 
point marked on the periople (Hahn et al., 1986; Vermunt and Greenough, 484 
1995).  485 
Age, breed, season, nutrition and environment have been reported to 486 
influence claw horn wear and growth rates (Vermunt and Greenough, 487 
1995). A lower rate of claw horn growth was reported in mature cows 488 
when compared to calves and yearlings (Prentice and Neal, 1972). Horn 489 
growth and wear in pasture-based dairies was studied by Tranter and 490 
Morris, where they measured dorsal wall growth and wear, sole wear and 491 
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sole concavity in spring-calving cows on pasture over a 12 month period 492 
(Tranter and Morris, 1992). They found higher claw horn growth rates in 493 
first rather than second lactation cows. In contrast, Clark and Rakes stated 494 
that the rate of hoof horn growth in dairy cattle was not related to age or 495 
number of days in lactation (Clark and Rakes, 1982). Seasonal factors such 496 
as nutrition, ambient temperature (Hahn et al., 1986; Tranter and Morris, 497 
1992), photoperiod (Clark and Rakes, 1982) and moisture (Tranter and 498 
Morris, 1992) also affect horn growth.  499 
 500 
 501 
 502 
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Table 2. 2. Mean monthly horn growth and wear rates (mm/month) on the 
dorsal surface of hind lateral claws in various age groups of dairy cattle 
confined on different surfaces. (modified and adapted from Vermunt and Greenough (1995)) 
Reference Description Growth Wear 
Prentice and Neal (1972) Cows on concrete and pasture 
Yearlings on straw and pasture 
Calves on straw and pasture 
3.9 
4.4 
4.9 
4.1 
4.7 
3.2 
Clark and Rakes (1982) Mature cows on concrete 6.0 5.3 
Hahn et al. (1986) Heifers on pasture or dry lot 
Heifers on new concrete 
6.2 
7.1 
5.1 
6.9 
Murphy and Hannan (1986) Yearling steers on slats 
Yearling steers on straw 
6.2 
5.6 
5.3 
4.1 
Schlichting (1987) Pre-weaned calves on slats 
Pre-weaned calves on straw 
7.5 
5.6 
3.7 
1.4 
Manson and Leaver (1988b) Dairy cows on concrete 
• Fed a high-protein diet 
• Trimmed and high-protein diet 
 
5.0 
6.5 
 
4.1 
3.6 
Manson and Leaver (1989a) Dairy cows on concrete 
• Fed a high-concentrate diet 
• Trimmed and high-concentrate diet 
 
4.3 
5.4 
 
4.7 
3.8 
Vermunt (1990) Heifers on dry lot 
Heifers on concrete / slats 
5.6 
5.9 
3.9 
4.8 
Tranter and Morris (1992) 2-year-old cows on pasture 5.9 5.6 
Offer et al. (2000) Autumn-calving heifers 
• On Clover-rich pasture 
• On Conventional ryegrass 
 
4.6 
4.3 
 
5.4 
4.1 
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2.5. Aetiology and Pathogenesis of claw horn lesions 504 
Lameness is a multi-factorial disease; assigning causality to a single process 505 
is likely to be overly simplistic. A number of etiologies and pathogenic 506 
mechanisms for claw horn lesions have been proposed. However, laminitis 507 
is still regarded as the most important cause of claw horn lesions. 508 
   509 
2.5.1. Laminitis 510 
In 1963 Nilsson defined laminitis as diffuse, acute, sub-acute or chronic 511 
aseptic pododermatitis which usually involves tissues of several hooves 512 
(Nilsson, 1963). There are various theories on the aetiology of laminitis. 513 
The hypothesis that is most commonly accepted is that laminitis is due to 514 
insults to peripheral vascular system of the corium which results in a 515 
reduction in digital capillary perfusion (Vermunt and Greenough, 1994). On 516 
the same subject, histopathological studies suggest that two sets of vascular 517 
changes occur during this process. Primary changes include oedema and 518 
haemorrhage which is followed by secondary changes due to hypoxia and 519 
inadequate supply of nutrients to keratin producing cells (Edwards, 1982; 520 
Maclean, 1971). Maclean showed that in acute laminitic hooves regular 521 
arrangement of cells in the epidermis of the laminae and sole disappear and 522 
cells arbitrarily arrange on top of each other (Maclean, 1971). This 523 
derangement and structural irregularity, in turn, results in functional and 524 
morphological changes to the claw. Aetiology of laminitis has been 525 
associated with histamine, sub-acute ruminal acidosis, nutrition and 526 
endotoxins (Vermunt and Greenough, 1994). 527 
In 1998 Ossent performed post-mortem hoof examinations on cattle with 528 
acute and subacute laminitis. Ossent suggested that the pathogenesis of 529 
laminitis consisted of three phases; Phase 1: Vascular disturbance of the 530 
corium, Phase 2: Sinking of the distal phalanx and Phase 3: Development of 531 
lesion in the claw capsule. During phase 1, vascular changes result in 532 
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hindered metabolic exchange and reduced nutrient supply to horn-533 
producing tissues (Ossent and Lischer, 1998). Epidermal cells responsible 534 
for producing horn require sufficient supply of nutrients during the 535 
keratinization process; hence impaired nutrition of horn-producing cells 536 
during Phase 1 results in compromised horn quality (Mülling et al., 1999).    537 
In post-mortems on the hooves, it was shown that during Phase 2; vertical 538 
sinking of the third phalanx damages the underlying corium of the sole and 539 
heel. This happens as a result of weakening of the suspensory apparatus 540 
during laminitis (Ossent and Lischer, 1998). However, in testing this theory 541 
in 2010, Danscher performed an experimental study using 16 non-pregnant 542 
dairy heifers (6 control heifers). During the study, laminitis was induced in 543 
these heifers using oral oligofructose overload. The heifers were killed 24 544 
and 76 hours after overload and hoof tissues were sampled. In spite of 545 
histological changes in the lamellae from induced laminitis, the theory of 546 
suspensory tissue weakening could not be supported (Danscher et al., 547 
2010). However, Danscher et al. (2010) stated that it is likely that the time 548 
given before assessing the hoof tissue was not long enough and weakening 549 
could have occurred after 72 hours.              550 
Subclinical laminitis was first mentioned by Toussaint-Raven in 1976 551 
(Greenough, 2007a). This syndrome has been associated with lesions such 552 
as sole ulcer, white line disease and heel erosions (Greenough and Vermunt, 553 
1990). Laminitis is the generic term for conditions in which the sensitive 554 
dermal structures between the pedal bone and the epidermal claw capsule 555 
are damaged (Hendry et al., 1997; Mulling, 2002).  556 
Acidosis has been recognised as a cause of laminitis (Westwood et al., 557 
2003). Histamine is believed to impair nutrient supply of horn-producing 558 
tissues by causing changes in perfusion of claw vessels (Vermunt, 1992) 559 
leading to production of poor quality horn. It has been suggested that 560 
during acidosis and ruminitis, absorption of rumen produced histamine into 561 
systemic blood circulation increases (Russell and Garner, 2003). The quality 562 
of claw horn produced depends on keratinisation of epidermal cells of the 563 
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hoof (Mulling et al., 1994). In order to produce high-quality hoof horn, 564 
nutrient demands of the epidermal cells rely on efficient supply of nutrients 565 
through diffusion from blood vessels in the dermis below (Mülling et al., 566 
1999). Changes in claw vascular system caused by laminitis may lead to 567 
impaired or insufficient supply of nutrients impairing quality of the claw 568 
horn produced. Hinterhofer et al. (2007) found that chronic laminitis leads 569 
to loss of elasticity and dry matter content of the hoof decreasing its 570 
resistance to external mechanical insults. 571 
In the cows’ environment, concrete has been identified as an important 572 
causative factor of claw horn lesions by several researchers (Bergsten and 573 
Frank, 1996; Nordlund et al., 2004; Webster, 2001; Wells et al., 1995). Sole 574 
haemorrhages are thought to be a sign of subclinical laminitis (Greenough 575 
and Vermunt, 1991). In a study of sole haemorrhages linked with laminitis, 576 
it was found that heifers housed on concrete had greater number and more 577 
severe sole haemorrhages compared to heifers kept in dry lots (Vermunt 578 
and Greenough, 1996). In herds with clinical laminitis problems, cows on 579 
rubber mats have been shown to have significantly less severe sole 580 
haemorrhages (Bergsten, 1994; Wells et al., 1995).  581 
 582 
2.6. Hoof Trimming 583 
Hoof trimming has been recommended as a lameness preventative measure 584 
(Toussaint Raven, 1985). A number of methods have been described, 585 
however, the main method used is the “Dutch method”. The objective of 586 
trimming is to return claws to their normal function and shape (Logue et al., 587 
2006). Historically this was done based on trimmer observation and 588 
interpretation which is subject to problems with inter- and intra- observer 589 
disagreement (Murray et al., 1994). By measuring different aspects of the 590 
claw during trimming, these discrepancies can be avoided.  591 
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Manson and Leaver (1988b) showed that hoof trimming can improve 592 
locomotion and reduce clinical cases of lameness when done prior to 593 
calving. However, the small sample size of 10 cows in this study limited the 594 
extrapolation of their findings to larger herds. In Sweden, the odds of 595 
lameness were lowered by almost 34% in cows that were trimmed, 596 
however, the authors were not able to differentiate between therapeutic or 597 
prophylactic effects of hoof trimming and hence were only able to suggest 598 
that their results tend to support a claw trimming routine of twice a year 599 
(Manske et al., 2002). This practice had the tendency to decrease the odds 600 
of sole ulcers by 41% and of white line lesion by 14%. In a more recent 601 
study on dairy cows (n = 333) in Florida, Hernandez et al. (2007) assessed 602 
the value of hoof trimming at mid-lactation in order to reduce the incidence 603 
of lameness during late lactation. Although the incidence of lameness was 604 
lowered by 5%, results of this study were deemed inconclusive.  605 
Although hoof trimming has been shown to be beneficial in prevention of 606 
lameness in some studies, others have found an opposite effect. In a 607 
Canadian study, Chapinal et al. (2010a) assessed locomotion in 48 Holstein 608 
cows a week before and five weeks after hoof trimming. While their aim 609 
was not to assess effects of hoof trimming, they found hoof trimming either 610 
compromised cow’s gait or had no impact, but did not improve gait. In a 611 
more recent Israeli study, assessing the effects of routine hoof trimming on 612 
locomotion scores of cows noted that sound cows had increased locomotion 613 
scores after trimming. They suggested that hoof trimming resulted in a 614 
negatively altered gait due to discomfort induced by trimming (Van Hertem 615 
et al., 2014).   616 
Although the studies mentioned above have been done in dairies other than 617 
pasture-based, hoof trimming has been extrapolated as a preventative 618 
measure in countries with pasture-based dairy farming systems. It has also 619 
been suggested that justification of a routine hoof trimming program in 620 
pasture-based dairies is rather difficult and hoof trimming should focus on 621 
early treatment of clinical cases of lameness (González Sagues, 2008).  622 
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The main lesion associated with lameness in pasture-based dairies is white 623 
line disease (Chesterton et al., 2008; Parkinson et al., 2010). In an Italian 624 
study, it was found that trimming was more useful in prevention of sole 625 
ulcers rather than white line lesions (Brizzi, 1994). These results were 626 
corroborated later by the study of Manske et al. (2002) who found that 627 
trimming decreased the odds of white line lesions by 14% compared to that 628 
of sole ulcers by 41%. These studies again raise the question as to 629 
effectiveness of routine trimming in prevention of lameness and namely 630 
white line lesions in pasture-based dairy herds.            631 
 632 
2.7. Footbathing 633 
Foot baths have been advocated as a prevention strategy for lameness in 634 
dairy herds. However, efficacy of foot baths for prevention and treatment of 635 
claw horn lesions is uncertain. Most of the research on footbaths has been 636 
directed at control of infectious claw diseases (i.e. digital dermatitis, foot 637 
rot) rather than claw horn lesions (Laven and Hunt, 2002; Nuss, 2006; 638 
Speijers et al., 2010; Cook et al., 2012; Bell et al., 2014). Various solutions 639 
such as formalin, copper sulphate and even antibiotics have been used in 640 
footbaths, however, their efficacy against digital dermatitis causes has not 641 
been proven (Thomsen, 2015). In a year-long study in the UK, Davies 642 
(1982) walked the treatment cows through a 1% formalin solution footbath 643 
on a daily basis. It was shown that the mean incidence of lameness in the 644 
treatment herds decreased by 5.3% compared to the control herds. It was 645 
also suggested that use of formalin footbaths would be more likely to 646 
benefit farms dealing with sole ulcers and interdigital disease rather than 647 
white line lesions and sole penetrations (Davies, 1982). Arkins et al. (1986) 648 
on the other hand found that although 5% formalin footbath lowers the 649 
moisture content of the hoof and the severity of haemorrhages of the sole, it 650 
fails to reduce the incidence of clinical or sub-clinical non-infectious claw 651 
lesions. Recently it’s been shown that copper sulphate has the capacity to 652 
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harden the hooves of the cows that passed through a 7% copper sulphate 653 
footbath twice a day for a period of three months (Fjeldaas et al., 2014).  654 
Given the fact that the most common lesion in pasture-based dairy farms is 655 
white line lesions (Chesterton et al., 2008; Gibbs, 2008) and the fact that 656 
after walking through the footbath the cows walk straight onto dirt tracks 657 
(that can be muddy during wet weather) rather than held on concrete for 658 
the solution to take effect (Randhawa et al., 2008), further research is 659 
warranted to clarify the efficacy of footbathing in pasture-based dairies.   660 
 661 
2.8. Risk factors for lameness 662 
Lameness is recognised to be a multifactorial condition with environmental, 663 
management, nutritional and individual cow risk factors influencing its 664 
incidence and prevalence. Early studies of risk factors for lameness lacked 665 
the complexity of the multivariable analysis techniques used today and 666 
were unable to provide more than an overview of the data set. Nowadays 667 
using advanced analysis techniques, we are able to effectively identify 668 
associations between different risk factor variables (Lawrence et al., 2011). 669 
The majority of studies have been conducted in housed dairy cows with 670 
limited studies undertaken to address risk factors of lameness in pasture-671 
based dairy systems such as those found in Australia.  672 
 673 
2.8.1. Cow risk factors  674 
Breed - Breed is a significant risk factor for poor locomotion and lameness. 675 
A lower risk of lameness has been reported for the Danish Jersey breed 676 
compared with Red Danish, Danish Red and White and Danish Black and 677 
White breeds (Alban, 1995). A lower prevalence of lameness has been 678 
reported for Jersey cows compared with Holstein Friesians (Baranski et al., 679 
2008). In a study of lameness risk factors in England and Wales (Barker et 680 
al., 2010), it was found that herds with a single breed other than Holstein 681 
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Friesians or herds with a mixture of cross breeds were likely to have a 682 
lower prevalence of lameness. Odds of lameness for the Holstein Friesian 683 
breed has been stated to be 1.6 times higher than the Ayrshire breed 684 
(Sarjokari et al., 2013). One of the explanations for increased odds of 685 
lameness in Holstein cattle is that these cows are generally larger and 686 
heavier than other breeds, such as Jerseys. Similarly, in the findings of Alban 687 
(1995) the Danish Jersey is a lighter breed compared to other breeds they 688 
were compared. Another explanation for the relatively higher risk of 689 
lameness in Holstein Friesians suggested by Chesterton et al. (1989), is the 690 
relative absence of foot pigment in this breed, however, no evidence exists 691 
that the lack of pigment is not simply another proxy for breed. In a more 692 
recent study Lethbridge et al. (2008), assessed puncture resistance of the 693 
hoof horn from Holstein Friesians and Jersey cross Friesian cows in New 694 
Zealand. Puncture resistance of hoof horn from Holstein Friesians was 695 
lower than that of the Jersey cross Friesians, however, they found no 696 
difference within animals of the same breed. 697 
 698 
Age and Parity - Age and parity are also risk factors for lameness (Wells et 699 
al., 1993a; Kocak et al., 2006). Boelling and Pollott (1998) suggest that dairy 700 
systems focusing on longer living high production cows will inescapably 701 
have higher locomotion scores. A number of studies report a higher 702 
prevalence of lameness in older cows supporting Boelling and Pollott’s 703 
assertion (Bielfeldt et al., 2005; Sarjokari et al., 2013). Sarjokari et al. (2013) 704 
suggested that higher incidence of lameness in older cows reflects their 705 
increased size and weight and duration of exposure to the housing 706 
environment. Consistent with increased risk of lameness with increasing 707 
age is the increased risk associated with increasing parity.  Risk of lameness 708 
was shown to increase by 30% for every increase in parity (Groehn et al., 709 
1992). Hirst et al. (2002) also noted a constant increase in risk of lameness 710 
with parity up to 6, when the relationship began to plateau. They found a 711 
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3.2 hazard ratio for second lactation lameness if cows were observed to 712 
have claw horn lesions in first lactation.  713 
 714 
Stage of Lactation - There are mixed reports regarding the association 715 
between stage of lactation and lameness. Kempson and Logue (1993) 716 
demonstrated that at calving time claw white line structure and quality of 717 
horn produced are weakened, which may contribute to development of 718 
claw lesions. Histological and biochemical changes occur within the 719 
suspensory apparatus of claws around the time of first calving (Tarlton, 720 
2002). It was suggested that as a result, laxity of the third phalanx 721 
supportive tissue increases, which allows more movement and causes an 722 
increase in pressure between the third phalanx and sole. In a later study, 723 
Knott et al. (2007) suggested that parturition and subsequent lactation may 724 
cause non-inflammatory changes in connective tissue of the foot which 725 
impairs its resilience to external impacts. This “Parturition Effect” appears 726 
to be independent of dietary changes and relatively brief unless aggravated 727 
by other housing stressors (Knott et al., 2007). Consistent with these 728 
findings are reports of increased risk of lameness during early lactation. 729 
Increased risk of lameness in the first 80 DIM was observed by Kocak et al. 730 
(2006), in the first 100 DIM by Tranter and Morris (1991) and in the first 731 
120 DIM by Green et al. (2002). In contrast to these studies, others have 732 
found no significant relationship between stage of lactation and lameness 733 
(Espejo et al., 2006; Onyiro et al., 2008). 734 
 735 
Conformation and Genetics - A case-control study (Wells et al., 1993a), 736 
conducted in Minnesota and Wisconsin, explored potential cow risk factors 737 
for lameness. In this study, genetics, age, stage of lactation, parity, breed, 738 
body weight, body condition score, and claw angle were found to be 739 
significant risk factors to lameness. Genetic links suggest that cows with 740 
higher claw angles were less likely to become lame due to digital dermatitis 741 
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or sole ulcers (Smit et al., 1986). Cows with genetically longer claws have 742 
been shown to be more prone to developing sole ulcers and higher total 743 
lesion scores (Smit et al., 1986). Boettcher et al. (1998) investigated 744 
heritability and genetic correlations of clinical lameness and type traits in 745 
24 herds in the US. A moderately positive correlation was found between 746 
clinical lameness, body depth and rump width.  Clinical lameness was found 747 
to have the highest genetic correlation with foot angle and rear leg view. 748 
Fewer clinical lameness cases were seen in daughters of bulls when the 749 
daughters had steeper foot angles and straighter legs (viewed from the 750 
rear) (Boettcher et al., 1998).  Multiple trait analysis showed a somewhat 751 
favourable but non-significant genetic association between clinical 752 
lameness and milk production (Boettcher et al., 1998). This suggests that 753 
genetic selection for decreased risk of clinical lameness would not 754 
compromise genetic gain for milk production. A high genetic correlation 755 
was found between locomotion scores and feet and leg traits (Onyiro and 756 
Brotherstone, 2008). Cows with genetically higher scores for feet and legs 757 
and steeper foot angle were more likely to have better locomotion (Onyiro 758 
and Brotherstone, 2008). 759 
Boelling and Pollott (1998) evaluated four hoof traits (foot angle, depth of 760 
heel, length of dorsal border and diagonal which was measured as the 761 
distance from the toe to the hairline at the rear of the foot) and locomotion 762 
scored 51 cows in a single herd. Cows were chosen based on significant 763 
differences in size between the lateral and the medial claw, udder size and 764 
rear leg side view. High locomotion scores, representing poor locomotion, 765 
were phenotypically associated with a big udder, sickled legs and a long 766 
diagonal (Boelling and Pollott, 1998). 767 
 768 
Anatomy - Anatomical differences also play a role in Lameness. The 769 
majority of claw horn lesions occur in the lateral claw of the hind limbs 770 
(Amory et al., 2008b; Cramer et al., 2008). It has been suggested that 771 
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anatomical differences between length of the medial and lateral digits of 772 
hind limbs may contribute to overloading of the lateral claws (Paulus and 773 
Nuss, 2002). Lateral claws of hind feet are often overgrown, this accelerated 774 
growth of horn is believed to result from irritation of the corium caused by 775 
increased loading of lateral claws relative to medial claws during 776 
locomotion (Toussaint Raven, 1985).  777 
 778 
Milk Production - High milk production has been described as a risk factor 779 
for lameness (Green et al., 2002; Onyiro et al., 2008). Bicalho et al. (2008) 780 
indicated that early lactation high yield was a risk factor for increased 781 
lameness. Furthermore, Amory et al. (2008) found that high production 782 
cows were more likely to develop claw horn lesions. Similarly, Foditsch et 783 
al. (2016) showed that high milk production had positive association with 784 
claw horn lesions in the following lactation. The strong relation between 785 
milk production and lameness might be due to the fact that cows with 786 
higher milk yield are more likely to have a larger udder which can, in turn, 787 
lead to an abnormal posture or gait (Boelling and Pollott, 1998). Abnormal 788 
posture and locomotion can cause asymmetry of the hoof leading to hoof 789 
lesions (Gleeson et al., 2007). It has also been suggested that lactating cows 790 
may experience metabolic stress due to negative energy balance which 791 
predisposes them to lameness (Bicalho and Oikonomou, 2013). 792 
 793 
Body Condition - Lameness has been associated with low body condition 794 
score (Wells et al., 1993a; Espejo et al., 2006). This was later supported by 795 
Green et al. (2014) in a prospective longitudinal study. One hypothesis for 796 
this observation is loss of fat from the digital cushion of thin cows. Bicalho 797 
et al. (2009) found a positive association between body condition score and 798 
thickness of the digital cushion. The digital cushion plays an important role 799 
in reducing compression of the corium during weight bearing (Räber et al., 800 
2004; Lischer et al., 2002b). Hence, loss of adipose tissue within the digital 801 
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cushion may lead to higher incidence of claw horn lesions (Foditsch et al., 802 
2016). This has been demonstrated (Machado et al., 2010) by showing low 803 
body condition score and low digital cushion thickness at dry-off being 804 
significant risk factors for lameness in the following lactation.  805 
 806 
2.8.2. Nutritional risk factors and lameness 807 
Feed delivery systems vary across dairy farming systems. Feed pads, 808 
pasture, bail feeding during milking and various combinations are common 809 
examples. In a recent study of grazing dairy cows in Australia (Coombe et 810 
al., 2013) it was found that feeding system and amount of supplement fed, 811 
had no adverse effect on the most prevalent lesions (white line disease, 812 
traumatic bruising and paint brush haemorrhage). This is opposite to what 813 
was suggested by Bramley et al. (2005), who mentioned an increased risk to 814 
hoof health through pasture (young vegetative state) and grain feeding in 815 
the parlour. In this study, herds were categorised to sub-clinically acidotic, 816 
suboptimal and, non-acidotic with the aim to associate prevalence of 817 
acidosis with prevalence of lameness. They found that herds with higher 818 
locomotion scores were 58% more likely to be categorised as herds with 819 
subclinical acidosis (Bramley et al., 2013). However, it is noteworthy that 820 
the sample size of cows from each herd (n = 15 per herd) might not have 821 
been enough to truly reflect the level of lameness in the herds. Other feeds 822 
such as corn silage have also been linked with lameness. In a study of 80 823 
farms in France (Faye and Lescourret, 1989), increased feeding of corn 824 
silage was associated with an increase in the presence of laminitis and 825 
interdigital dermatitis. This was also found by Amory et al. (2006), where 826 
heifers had higher locomotion scores in dairies that fed corn silage. It has 827 
also been demonstrated that heifers on a straw based diet are less likely to 828 
have laminitis and heel horn erosions compared to heifers on a grass silage 829 
diet (Offer et al., 2003). Other studies have found nutrition, leading to 830 
subacute ruminal acidosis, to be a factor associated with sub-clinical 831 
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laminitis (Livesey et al., 1998; Donovan et al., 2004). Sudden changes in diet 832 
have been suggested to predispose cows to hoof disorders, particularly 833 
around time of calving (Blowey, 2005).  834 
Acidosis has been accepted as a cause of laminitis (Westwood et al., 2003). 835 
It has been suggested that low rumen pH may increase absorption of rumen 836 
produced histamine into systemic blood circulation (Russell and Garner, 837 
2003). Histamine is believed to impair nutrient supply to horn-producing 838 
tissue by altering perfusion of the claw (Vermunt, 1992) leading to claw 839 
horn disruption and development of lesions.  840 
The link between nutritional management and claw health lies in the 841 
quality of horn produced and integrity of claw attachment to the underlying 842 
dermis. The process of hoof epidermal cell keratinisation determines the 843 
structure of claw horn (Mulling et al., 1994). Development of normal 844 
structure and production of high-quality hoof horn requires significant 845 
nutrient supply to epidermal cells.  This process requires efficient supply of 846 
nutrients through diffusion from blood vessels into the dermis below 847 
(Mülling et al., 1999). This supply may be influenced by changes to the claw 848 
vascular system (such as in laminitis) or secondary to deficiencies of 849 
essential nutrients.     850 
Physiological cornification and keratinization requires activation of specific 851 
enzymes. Minerals such as calcium are essential to this activation process 852 
(Mülling et al., 1999). Vitamins and minerals have shown to play a role in 853 
hoof health and growth. Keratinisation has two major pathways, keratin 854 
protein synthesis and lipogenesis. Biotin is an essential vitamin needed for 855 
the process of keratinisation (Mülling et al., 1999). Hedges et al. (2001) 856 
performed a longitudinal prospective study on five farms in the UK. 857 
Treatment cows were supplemented with 20 mg of biotin per day with four 858 
main lesions of lame cows recorded (sole ulcer, white line separation, 859 
digital dermatitis and interdigital necrobacillosis). When all farms were 860 
pooled, they found that risk of lameness caused by white line separation 861 
was halved by biotin supplementation (Hedges et al., 2001). However, in a 862 
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later study, it was demonstrated that parity may play a role in the effects of 863 
biotin supplementation on reducing the risk of white line lesions, as its 864 
effects were significant only in multiparous cows rather than primiparous 865 
cows (Potzsch et al., 2003). Daily supplementation of biotin for 4 to 6 866 
months has been demonstrated to reduce prevalence of lameness and foot 867 
lesions (Green and Muelling, 2005). The magnitude of reduction from biotin 868 
supplementation varies between farms and may be as high as 50% (Green 869 
and Muelling, 2005).   Biotin is naturally produced by the rumen microflora, 870 
specifically by fibre digesting bacteria.  Therefore, herd differences in 871 
response to biotin supplementation may be due to differences in dietary 872 
forage source and content. 873 
 874 
2.8.3. Environmental risk factors and lameness 875 
While nutrition based laminitis is believed to be a main cause of claw horn 876 
lesions, there is recent evidence that environmental factors also play a 877 
significant role in development of these lesions (Webster, 2001). 878 
Environmental risk factors have been shown to play a role in three main 879 
areas by 1) influencing natural lying and standing behaviours, 2) promoting 880 
the onset of subacute ruminal acidosis during lactation and 3) influencing 881 
rate of claw horn growth and wear on different walking surfaces (Cook et 882 
al., 2004). 883 
 884 
Housing - The importance of housing as a risk factor for lameness is 885 
reflected by differences in prevalence of lameness across different farming 886 
systems. Cows housed on concrete surfaces were seen to have more severe 887 
claw horn lesions (Bazeley and Pinsent, 1984). This was supported later by 888 
higher prevalence of lameness in freestall dairies compared to tie-stall and 889 
straw yard dairies (Cook, 2003; Cramer et al., 2008; Sogstad et al., 2005). In 890 
intensively housed cows, high stocking density and insufficient feed bunk 891 
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space per cow have been shown to increase risk of lameness (Cook et al., 892 
2004; Huzzey et al., 2006). Housed cows are also more likely to experience 893 
lameness compared to grazing cows (Gitau et al., 1996). Excessive time 894 
spent standing on concrete surfaces was reported to predispose cows to 895 
lameness causing lesions (Greenough and Vermunt, 1991). Results of a 896 
study by Haskell et al. (2006) showed negative effects of constant housing 897 
of cows on hoof health. The advantage of loose housing systems, such as 898 
pasture, is the increase in daily exercise which improves the transport of 899 
oxygen and other nutrients to horn-producing tissues through improved 900 
blood flow to the claw (Bielfeldt et al., 2005).  901 
Intensive farming and concrete surfaces have been shown to play an 902 
important role in increasing lameness (Somers et al., 2003). It has been 903 
suggested that claw horn lesions are more severe when cows are housed on 904 
concrete walking surfaces (Bazeley and Pinsent, 1984; Somers et al., 2003). 905 
Excessive time spent standing on hard surfaces predisposes claws to 906 
(Greenough, 1991; Leonard et al., 1994), sole haemorrhages (Bergsten and 907 
Herlin, 1996) and sole ulcers (Cook, et al. 2004). Faull et al. (1996) 908 
observed cows’ adopt a shuffling gait when walking on smooth, slippery 909 
concrete surfaces. It was proposed that this type of gait may affect the 910 
duration of contact and hence alter the wear of the sole (Faull et al., 1996).  911 
 912 
Season - One of the main risk factors associated with lameness is the effect 913 
of season, however, due to differences in farming systems there are 914 
differences in seasonal impacts on lameness in different regions. Seasonal 915 
variability in lameness may reflect the associated changes in husbandry 916 
practices during different seasons in some regions and farming systems. In 917 
a Scottish study on bovine hoof cells, MacCallum et al. (2002) found that 918 
hoof lesions and lameness are particularly associated with Autumn-calving 919 
cows. They demonstrated the activity of cell function related to 920 
proliferation and keratinization changed according to the time of the year, 921 
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with the highest activity observed during summer (MacCallum et al., 2002). 922 
Sanders et al. (2009) found the highest prevalence of lameness to be during 923 
summer months, which is in agreement with the study by Foditsch et al. 924 
(2016). However, these works contradict other studies stating winter to be 925 
the season when lameness was more prevalent (Cook, 2003; Espejo et al., 926 
2006).   927 
 928 
Herd Size – Dairy herd size may be a risk factor for lameness. Alban (1995) 929 
stated that in Danish dairy herds with more than 124 cows, the odds of 930 
lameness was four times that of herds with 20 to 30 cows. Larger herds 931 
were also found to have a higher prevalence of lameness in Southern 932 
England (Whitaker et al., 2000). Alban (1995) blamed the level of 933 
mechanisation and lower proportion of staff in large herds as limiting 934 
factors in observing cows and hence identifying and treating lame cows. 935 
More recent studies have not found larger herd size to contribute to risk of 936 
lameness (Espejo and Endres, 2007; Barker et al., 2010). In contrast, 937 
Chapinal et al. (2013a) found a positive effect of herd size on lameness with 938 
larger herds having less lameness. They suggested this may be due to 939 
presence of more professional staff and specifically assigning staff to 940 
lameness and hoof health management (Chapinal et al., 2013a).  941 
 942 
Pasture - It has been suggested that cows on pasture are less likely to suffer 943 
locomotion problems compared to cows on concrete (Gitau et al., 1996; 944 
Somers et al., 2003). Pasture is thought to be a softer surface for lying and 945 
rising, hence, cows on pasture have also been found to have better leg and 946 
feet traits (Onyiro and Brotherstone, 2008). The positive effects of grazing 947 
in reducing risk of lameness has been investigated in some studies (Haskell 948 
et al., 2006; Hernandez-Mendo et al., 2007). For housed cattle, it is advised 949 
to have at least 85 days on pasture to allow their hooves to recover from the 950 
damaging effects of concrete (Olmos et al., 2009). Cumulative effects of 951 
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housing and hard flooring on hooves increases hoof lesion severity as days 952 
in milk increases (Somers et al., 2005).  953 
 954 
Farm Tracks - One of the main areas of concern in pasture-based dairies are 955 
tracks and track integrity (Chesterton et al., 1989). In an early Australian 956 
study, Harris et al. (1988) evaluated 73 pasture-based dairy farms for 957 
factors associated with lameness. The most significant environmental factor 958 
contributing to lameness was the farm tracks. Presence of steep slopes, 959 
broken sections, maintenance more than three to eight years earlier and 960 
gravel surface were farm track variables most associated with higher 961 
prevalence of lameness. Most of lameness cases in this study were found to 962 
be due to overworn claws and bruised soles (Harris et al., 1988). This was 963 
also the case in a New Zealand study (Tranter and Morris, 1992) on 964 
pasture-based farms where excessive sole wear was the main reason for 965 
lameness. In Danish grazing herds, a decrease in severe lameness cases was 966 
found when tracks to the pastures were prepared by adding a kind of cover 967 
(Burow et al., 2014). Covering tracks with gravel, slag, asphalt and or 968 
rubber resulted in improved animal welfare.  969 
 970 
Cattle handling and Behaviour - In a more extensive New Zealand case-971 
control study on risk factors associated with lameness in pasture-based 972 
dairies (Chesterton et al., 1989), 62 farms were investigated for behavioural 973 
and environmental risks. Each herd was visited twice and data on 58 974 
potential risk factors pertaining mainly to track design, track maintenance, 975 
milking procedure, and farmer characteristic and behaviour was recorded. 976 
The two main factors highly associated with increased prevalence of 977 
lameness were found to be condition of the main track and patience of 978 
handlers in handling cows on the tracks. The quality of interaction between 979 
farmers and their cows has also been shown to affect productivity and 980 
welfare (Hemsworth et al., 2000; Breuer et al., 2000). This seems more 981 
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important for subordinate cows as they avoid sideways pushing and 982 
aggression by dominant cows (Chesterton, 2015). When pushed by farmers 983 
or more dominant cows, cows can misplace their feet which can lead to 984 
injury and ultimately lameness.     985 
 986 
Feed Pads - One of the main practices in dairies around the world is use of 987 
feed pads. In pasture-based dairies, this practice allows for supplemental 988 
feeding of cows when pastures are not sufficient or when opting for a 989 
higher milk yield. However, association of feed pads with lameness has not 990 
been fully investigated. In an early trial assessing the link between 991 
lameness and access to feed, Leonard et al. (1998) compared two groups of 992 
heifers with 55cm and 30cm of feed access. Heifers with the lower amount 993 
of feeding space spent longer feeding and engaged in aggressive 994 
competitive behaviour. The overall effect of feeding space on hoof health 995 
was not seen initially, however, three months after the trial, heifers who 996 
had aggressive encounters had developed claw lesions (Leonard et al., 997 
1998).  In a more recent Finnish study (Sarjokari et al., 2013), it was 998 
demonstrated that feed bunks divided into feeding places were associated 999 
with lower prevalence of lameness. They proposed that this may be due to 1000 
less competition among cows, resulting in less claw trauma. In this study, 1001 
the average feeding space provided by feed bunks that were not divided 1002 
and had post or rail barriers was 53 centimetres. This might be the main 1003 
reason for the study’s findings, as Hetti Arachchige et al. (2014) found that 1004 
increasing feeding space in feed pads with no barriers from 60 to 75 and 1005 
100 cm decreased competition. This improvement in feeding and reduction 1006 
in aggressive interactions may lead to content cows at the feed pad with 1007 
less trauma to their feet, particularly subordinate cows (Hetti Arachchige et 1008 
al., 2014). 1009 
 1010 
 1011 
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2.9. Treatment of Claw Horn Lesions and The Use of Hoof Blocks: 1012 
Lameness in the foot can be caused by skin lesions or infections, claw horn 1013 
lesions and upper leg problems. The majority lameness cases are due to 1014 
lesions in the foot (Murray et al., 1996), and from those up to 92% can be on 1015 
the hind limbs mostly on the lateral claws (Jubb and Malmo, 1991; Cramer 1016 
et al., 2008). In general, the most prevalent causes of dairy cattle lameness 1017 
result from white line disease, sole ulcer and digital dermatitis.  However, 1018 
there are regional differences in lesion incidence resulting from housing 1019 
conditions, walking distance and cow environment.  Digital dermatitis and 1020 
sole ulcers are common lesions in housed dairy cattle (Barker et al., 2009). 1021 
In contrast, the predominant lesions found in pastured cattle are white line 1022 
lesions (Lawrence et al., 2011) and axial wall cracks (Jubb and Malmo, 1023 
1991). 1024 
Despite the importance of lameness to the dairy industry, there has been 1025 
very few controlled clinical trials evaluating treatment of lameness. 1026 
Different reports exist on the time it takes lesions to heel after therapeutic 1027 
trimming. Lischer et al. (2002a) observed formation of a solid layer of horn 1028 
over the lesion site 50 days following treatment of a sole ulcer. However, 1029 
rate of healing is influenced by environmental factors such as housing and 1030 
bedding (Collick, 1997) and the ancillary treatments used in conjunction 1031 
with therapeutic trimming (Thomas et al., 2015). Early treatment of 1032 
lameness results in better treatment outcomes (Leach et al., 2012). Leach et 1033 
al. (2012) observed that farmers are less likely to treat cows with mild 1034 
lameness, resulting in development of more severe lesions and less 1035 
favourable treatment outcomes than achieved by prompt treatment in the 1036 
first 48 hours of becoming lame. Alawneh et al. (2012) observed that time 1037 
from lameness detection to treatment took an average of 3 weeks on New 1038 
Zealand dairy farms. Delayed treatment compromises treatment outcome 1039 
and contributes to an increased risk of lameness in the subsequent lactation 1040 
(Hirst et al., 2002). In a recent histological study (Newsome et al., 2016), it 1041 
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was found that cows with a history of lameness were more likely to have 1042 
exostoses formed on their distal phalanx affecting locomotion. Not 1043 
surprisingly, boney developments were more severe in cows with chronic 1044 
lameness. Early identification of lame cows and effective treatment of claw 1045 
horn lesions may prevent irreparable damage to the distal phalanx, 1046 
resulting in better treatment outcome in terms of locomotion (Newsome et 1047 
al., 2016). Higher recovery rates can be achieved by fortnightly scoring of 1048 
the cows by early detection and treatment of lame cows which will be less 1049 
likely to relapse and with improved locomotion scores after treatment 1050 
(Groenevelt et al., 2014).   1051 
One of the main objectives of treating claw horn lesions is to provide pain 1052 
relief to the lame cow. Two common options are; administration of NSAIDs 1053 
and/or application of a hoof block on the opposing sound claw. Application 1054 
of a hoof block provides relief from weight bearing on the affected claw. The 1055 
therapeutic value of these blocks has been described by Toussaint Raven 1056 
(Toussaint Raven, 1985). Blowey (1998) also proposed the value of blocks 1057 
in healing and recovery of claw horn lesions. Pyman (1997) published the 1058 
only clinical trial comparing efficacy of hoof blocks and hoof bandaging in 1059 
treatment of claw horn lesions. In this study application of wooden hoof, 1060 
blocks was compared to bandaging of the injured claw. It was found that 1061 
after 6-days cows with a wooden hoof block had a higher recovery rate 1062 
(65.8%) compared to cows that were bandaged without a hoof block 1063 
(32.3%). However, two weeks after treatment the recovery rate results 1064 
between treatments were not statistically significant (Pyman, 1997). In a 1065 
non-peer reviewed article, Potterton et al. (2012) reported 86% of sole 1066 
ulcer cases and 87% of white line cases received a hoof block as part of 1067 
their treatment regime. In a UK survey (O'Callaghan Lowe et al., 2004), use 1068 
of blocks was reported to be 79% among veterinarians and 97% among 1069 
hoof trimmers. The difference in block use was explained through 1070 
veterinarians being less equipped than hoof trimmers in restraining the 1071 
foot (Shearer et al., 2015). 1072 
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 A more recent randomised control trial (Thomas et al., 2015) compared 1073 
four treatment groups; therapeutic trim only, trim plus application of a 1074 
block, trim plus a three-day course of NSAIDs and, trim plus a block and a 1075 
three-day course of NSAIDs. Treatment outcome was defined as cows 1076 
having sound locomotion 35 days following treatment. The best outcome 1077 
was achieved combining therapeutic trimming, application of a wooden 1078 
hoof block and administration of an NSAID which provided a significantly 1079 
better outcome (56.1%) (returning to a sound (score 0) or a non-lame 1080 
(score 1) locomotion) than therapeutic trimming alone (24.4%) (Thomas et 1081 
al., 2015).       1082 
Hoof blocks are made from various materials, however, not much attention 1083 
has been paid to their properties. A study of Cutler et al. (2015) 1084 
demonstrated that application of hoof blocks has minimal effect on 1085 
behaviour, milk production and locomotion of sound dairy cows. In a study 1086 
to assess clinical applicability of hoof blocks, Nuss and Tiefenthaler (1998) 1087 
examined several different kind of blocks. They examined wooden and 1088 
synthetic blocks. Although plastic blocks had a lower percentage of early 1089 
loss (7.1%) compared to wooden blocks (20.1%), they were found to have 1090 
quite a low height and displayed more signs of wear. It was indicated that 1091 
wooden hoof blocks with a length of 130 millimetres and a height of 30 1092 
millimetres are preferred. However, care should be taken as higher blocks 1093 
may cause instability in lame cows while walking. Sala et al. (2008) 1094 
recommended that in order to achieve the best treatment outcome, hoof 1095 
blocks should provide 4 weeks of support for the injured claw. Recently, 1096 
however, Shearer et al. (2015) stated that healing time of severe lesions is 1097 
much longer than that of mild lesions, 40 to 60 days vs. 21 to 30 days, 1098 
respectively.  1099 
Given the importance of blocks and their extensive use in treatment of lame 1100 
cows, it appears important to establish criteria in selection of blocks. These 1101 
criteria include block design (surface area), length, width and specifically, 1102 
block height. Also, in the case of wooden hoof blocks, density of the wood 1103 
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and wear properties are of importance. Considering the proposed length of 1104 
time it takes lesions to heal, establishing these parameters will help 1105 
anticipate length of time the block will provide support for the lame cow.   1106 
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Chapter 3 1107 
 Identifying Risk Factors Associated with Lameness in Pasture-1108 
based Dairy Herds 1109 
- This chapter was published as an original article in the Journal of 1110 
Dairy Science.  1111 
The procedures in this project were approved by the Human Ethics 1112 
Committee of the University of Sydney, Reference number: 2012/1432.  1113 
3.1. Interpretive Summary 1114 
Lameness in cattle is one the most significant welfare and productivity 1115 
issues in dairy farming. Lesions that cause lameness result in intense pain 1116 
and are a major welfare issues. This study aimed to determine the 1117 
prevalence of lameness in 63 grazing dairy farms in southern Australia and 1118 
quantify the environmental and managerial risk factors that contributed to 1119 
lameness in grazing dairy cows. The prevalence of lameness was 19.1%, 1120 
which was similar to other published studies. A number of risk factors such 1121 
as space available per cow and animal handling were associated with the 1122 
occurrence of lameness. This study highlighted a number of managerial 1123 
practices that have the potential to reduce the prevalence of lameness in 1124 
grazing cattle. 1125 
 1126 
 1127 
 1128 
 1129 
 1130 
 1131 
 1132 
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3.2. Abstract 1133 
Lameness is a significant welfare concern to dairy farmers and a major 1134 
contributing economic loss to the dairy industry. There is limited 1135 
information on environmental and managerial risk factors associated with 1136 
lameness in Australian dairy herds. The objective of this study was to 1137 
explore and quantify the environmental and management risk factors 1138 
associated with lameness in pasture-based dairy herds. A cross-sectional 1139 
study was conducted in 63 pasture-based dairy herds between 2011 and 1140 
2014, where all lactating cows were locomotion scored (scale 1 - 4) during a 1141 
single visit. Environmental and management variables, such as length of 1142 
main track and animal handling practices were recorded during the visit. 1143 
The prevalence of lameness was measured for each farm and associated 1144 
risk factors were analysed using a Generalised Linear Model, where farm 1145 
was the unit of analysis. Estimated average prevalence of lameness was 1146 
19.1% (range 5 to 44.5%). The prevalence of lameness was associated with 1147 
the amount of rainfall during the 30 days prior to the farm assessment, 1148 
smoothness of concrete surface and available space per cow in the holding 1149 
yard and length of feed-pad available per cow. Inappropriate handling of 1150 
cows on the track (e.g. causing sideways pushing among cows) was also a 1151 
contributing risk factor to high prevalence of lameness in these dairy herds. 1152 
The findings of this study suggest that by managing a number of 1153 
environmental and farming practices producers can reduce the prevalence 1154 
of lameness leading to improved productivity of their herds. 1155 
Keywords: Lameness, Risk factor, Pasture, Australia  1156 
 1157 
3.3. Introduction 1158 
Lameness along with mastitis and reproductive failure are recognised as 1159 
the three costliest diseases in dairy herds.  The costs incurred due to 1160 
lameness are derived from reduced milk production, compromised 1161 
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reproductive performance (Lucey et al., 1986; Barkema et al., 1994; 1162 
Sprecher et al., 1997), culling (Collick et al., 1989), mortality (McConnel et 1163 
al., 2008), and treatment. Lameness is also recognised as a significant 1164 
animal welfare issue causing pain and compromising the ability of cows to 1165 
express normal behaviour ((FAWC, 1997); Webster (1986)). 1166 
The aetiology of lameness is multifactorial, and the risk factors associated 1167 
with lameness may include cow, environmental, management and nutrition 1168 
factors. Cow risk factors include parity, breed, age, stage of lactation, body 1169 
depth, udder depth, rear leg side view and body condition score (Wells et 1170 
al., 1993a; Boelling and Pollott, 1998; Boettcher et al., 1998). Environmental 1171 
and management risk factors include concrete surfaces (Bazeley and 1172 
Pinsent, 1984; Somers et al., 2003), season (Wells et al., 1993b), frequency 1173 
of hoof trimming (Espejo and Endres, 2007), maintenance of cow tracks and 1174 
inappropriate animal handling (Chesterton et al., 1989). Dietary risk factors 1175 
that have been suggested to be associated with lameness and laminitis 1176 
include clinical and subclinical ruminal acidosis and high protein/low fibre 1177 
lush rye grass pastures (Vermunt and Greenough, 1994).  1178 
The majority of lameness studies reported in the literature originate from 1179 
intensive housed dairy systems in North America and Europe. There are 1180 
limited studies evaluating farm-level risk factors for lameness in pasture-1181 
based dairy herds. The objective of this study was to investigate the 1182 
environmental and management risk factors associated with lameness at 1183 
the herd level using a cross-sectional study in dairy herds in the state of 1184 
New South Wales (NSW) in Australia. Our aim is to use the findings of this 1185 
study and other available information to develop a herd lameness 1186 
assessment package for pasture-based dairy herds and to translate the 1187 
findings of this study into a tool that can be used by herd advisers and farm 1188 
managers to identify the major risk factors to enable them to prioritize 1189 
lameness management interventions.   1190 
 1191 
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3.4. Materials and methods 1192 
3.4.1. Farm Criteria and Visits 1193 
A cross-sectional study (n = 63 farms) was carried out to explore and 1194 
quantify the association among environmental, farm-level management 1195 
practices and prevalence of lameness in pasture-based dairy herds. Sixty-1196 
three pasture-based dairy herds milking 90 cows or more, were identified 1197 
across four dairy regions on the eastern coast of NSW and enrolled in the 1198 
study to investigate the prevalence of lameness and associated risk factors. 1199 
Study farms included both seasonal and non-seasonal calving herds, a 1200 
number of farms utilised feedpads, none had facilities for housing cows. 1201 
This study was approved by the Human Ethics Committee of the University 1202 
of Sydney. Each herd was visited once, and the assessments were 1203 
undertaken between June 2011 and June 2014. The same observer 1204 
performed the locomotion scoring and collected environmental and farm 1205 
practice variables during the visit. 1206 
 1207 
3.5. Environment Assessment (Appendix 1) 1208 
Herd assessments and data collection were conducted using a data 1209 
collection package developed by the study investigators. The package 1210 
included i) herd data sheet, ii) investigator data sheet and iii) locomotion 1211 
scoring sheet. 1212 
Herd Data Sheet. Herd demographic data collected included the date of 1213 
visit, farm address, predominant breed of cows, average daily milk 1214 
production per cow, calving pattern and feeding system.  1215 
Investigator Data Sheet. The investigator data sheet was used to record 1216 
environmental and management data pertaining to the holding yard, track 1217 
design, animal handling along the tracks and during milking, footbaths and 1218 
feed-pad. 1219 
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Track Design and Herding Along Tracks. The main track was identified as 1220 
the track defined by the farmer being used most frequently by cows during 1221 
the year. The length of the main track was measured using a measuring 1222 
wheel with an accuracy of ±0.10m. The gradient of the main track was 1223 
measured every 50 meters using a one-meter level and a ruler. At these 1224 
points, the width and slope of the main track were also measured. Overall 1225 
steepness of the farm was also assessed along with other features such as 1226 
water drainage and existence and efficiency of a dirt track-concrete barrier 1227 
at the junction of main track and milking cow holding yard. The farm staff 1228 
and cow interactions were also recorded, when cows were brought up to 1229 
the milking parlour and during milking, particularly if cows were pushed or 1230 
drifted toward the dairy and the behaviour of cows during walking (e.g. 1231 
high head carriage, excessive pushing or reversing). 1232 
Foot Bath. Presence and the type of footbath were recorded along with the 1233 
dimensions to calculate the volume of solution in the bath.  1234 
Feed-pad. In those herds that used a feed-pad to feed a partial mixed ration 1235 
before or after grazing, the length of feed-pad was measured to determine 1236 
the available space per cow (m/hd). Feed-pads were only considered if they 1237 
did not have dividers or separators between the cows. 1238 
Holding Yard and Milking. A diagram of the holding yard was drawn and 1239 
the total area was calculated. Once the gates to the holding yard were closed 1240 
behind the last cows, the number of cows in the yard was calculated by 1241 
subtracting the number of cows being milked and the number of cows that 1242 
had already exited the dairy from the total number of cows in the milking 1243 
herd. Space per cow was calculated according to yard area divided by 1244 
number of cows in the yard. Holding yard gradient was measured at four 1245 
points in order to calculate the mean gradient of the yard (points were at 1246 
entrance to the yard, entrance to the parlour and the other two were 1247 
between the two former points). The width of entrance from the track onto 1248 
the holding yard was measured to calculate entrance width per 100 cows 1249 
(i.e. 4-meter entrance in a dairy milking 400 cows provides 1-meter 1250 
47 
 
entrance width per 100 cows). Holding yard surface was assessed and 1251 
scored according to the method used by Faull et al. (1996) and the presence 1252 
of concrete grooves was also noted. The following parameters were 1253 
recorded, when cows were brought up to the holding yard during afternoon 1254 
milking time: i) number of cows in the yard when the gates were shut, ii) 1255 
number of cows holding their heads up (sign of limited space) in the 1256 
holding yard when gates were shut, iii) duration of use of backing gate 1257 
every time it was moved, iv) procedures that were used by farm personnel 1258 
to push or move cows into the milking parlor, and v) the total number of 1259 
sharp turns that cows had to make when entering and exiting the milking 1260 
parlor.  1261 
Locomotion Scoring. All lactating dairy cows were locomotion scored when 1262 
cows exited the milking parlour. Due to the differences among the farms, 1263 
milking parlour and the number of cows exiting the milking parlour during 1264 
locomotion scoring, the locomotion scores were recorded as a tally rather 1265 
than on individual cows. The locomotion scoring system that was used in 1266 
this study was a modified locomotion scoring system that has been 1267 
developed by Nordlund et al. (2004). These modifications facilitated scoring 1268 
of multiple cows at the same time when cows exited the dairy parlour and 1269 
we were able to score cows that seemed to have multi-limb lameness (i.e. 1270 
thin soles on both hindlimbs). These cows tend to have an arched back and 1271 
take much shorter strides with both hind limbs but not favour a limb in 1272 
particular. These cows were considered score 3 or 4 depending on the 1273 
severity of lameness. In this system cows were scored on the scale of 1 to 4; 1274 
where 1 was considered as sound (healthy) and 4 was considered as 1275 
severely lame (Table 3.1). 1276 
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Cows with scores 1 and 2 were pooled and were considered “Sound”, and 1277 
cows with scores 3 and 4 were also pooled and considered “Clinically Lame” 1278 
for statistical analysis.  1279 
Rainfall. Daily rainfall data was downloaded from the Australian Bureau of 1280 
Meteorology for each farm utilising the closest weather station.  The average daily  1281 
rainfall for the 30-day period prior to farm assessment was chosen to measure the 1282 
influence of rainfall on the risk of lameness.  This period was selected to be 1283 
consistent with previous studies conducted in the United Kingdom that concluded 1284 
rainfall influences the risk of lameness (Williams et al., 1986; Eddy and Scott, 1980).  1285 
 1286 
 1287 
Table 3. 1. Locomotion scoring system used to identify cows with lameness 
including classification of lameness 
Locomotion 
score 
Descriptions 
Lameness 
Classification 
Score 1 Long strides with a level back 
Walks rapidly and confidently 
Sound 
Score 2 Walks more slowly, making shorter strides 
with an arched back 
Does not appear to favor a limb 
Sound 
Score 3 Often Thin, walks slowly with deliberate 
short strides with an arched back 
Difficulty turning 
Sinking of dew claws 
Bobbing head up and down 
Favors a limb (if lesion on both hind limbs 
the cow will make short strides with both 
and might appear not favoring a limb) 
Lame 
Score 4 Walks very slowly and with a pronounced 
arched back 
Affected limb partially weight bearing (in 
case of front limb lameness the cow might 
have a straight back when standing but 
might hold the limb off the ground) 
Lame 
* Considerations taken into account while scoring are shown in parenthesis. 
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3.5.1. Statistical Analysis  1288 
The prevalence of lameness at the herd-level was estimated using the 1289 
number of cows with a locomotion score equal to or greater than 3 as the 1290 
numerator and the total number of cows that were locomotion scored as 1291 
the denominator. The statistical analysis was conducted using Stata 1292 
software program (Stata/SE, v13). To determine the statistical significance 1293 
of a selection of potential risk factors for lameness, and assess the clinical 1294 
significance of each factor, a generalised linear model was used. The 1295 
magnitude of effect of potential risk factors (environmental and farm 1296 
practices) were estimated using a generalised linear model, where the link 1297 
function was logit, which will allow logistic regression for grouped binomial 1298 
data. The family (binomial and herd size) was a binomial distribution and 1299 
the number of cows within herds; this means that total number of cows in 1300 
the herds (N) was the variable containing the binomial denominator, 1301 
allowing the number of cows scored in trial to vary across herds 1302 
(www.stata.com/manuals13/rglm.pdf).   1303 
 To quantify the herd-level risk factors influencing the prevalence of 1304 
lameness we specified a binary response variable Yi = 1 if the ith cow was 1305 
identified as lame and zero otherwise. In the first instance, a fixed-effects 1306 
logistic regression model was used where the herd-level prevalence of 1307 
lameness was parameterized as a function of m herd-level explanatory 1308 
variables. Given pi = P(Yi = 1) and assuming that the Yi are mutually 1309 
independent, this fixed-effects logistic regression model takes the form: 1310 
Equation 1 
𝑙𝑜𝑔 {
𝑝𝑖
1 −  𝑝𝑖
} =  𝛼 + 𝛽𝑚𝑥𝑚𝑖 + 𝜀𝑖  
 
 
Univariable analyses were first performed to assess the association 1311 
between the outcome variable and each of the putative risk factors. 1312 
Predictors with a univariable association of P ≤ 0.20 were submitted to a 1313 
multivariable model. Predictor variables were removed from the final 1314 
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model if P > 0.05 through manual backwards elimination. This approach 1315 
was used to select variables that best explained the probability of lameness 1316 
at the herd level. If the removal of a variable changed the parameter 1317 
estimate of any of the remaining predictors by > 30% on the logit scale, the 1318 
eliminated variable was retained as a confounder regardless of its P-value 1319 
(Dohoo et al., 2009). Parameter estimates are presented as odds ratios (OR) 1320 
and 95% CI. Region (a categorical variable comprised of 4 levels) was 1321 
forced into the model because it was considered a priori to be a confounder 1322 
(Perez-Cabal and Alenda, 2014). We were unable to investigate the 1323 
interactions among some of the variables because of an imbalanced number 1324 
of observations within each subgroup leading to inadequate statistical 1325 
power. The results of the final multivariable model are reported in terms of 1326 
estimated odds ratios and 95% CI for each explanatory variable. 1327 
 1328 
3.6. Results & discussion 1329 
3.6.1. Descriptive analysis 1330 
 A total of 63 pasture-based dairy herds with or without feed-pad 1331 
were visited over a 3-year period (2011-2014) and 18,960 cows were 1332 
locomotion scored. Visits were conducted across all seasons on the selected 1333 
farms along the eastern coast of NSW (920 km) in four different dairy 1334 
regions. Herd and farm variables and their categories considered in the 1335 
univariate and multivariate analysis are presented in Table 3.2. A 1336 
descriptive analysis of putative risk factors is provided in Table 3.3. The 1337 
average herd size (milking cows) was 300 and ranged from 90 to 1025. 1338 
Farmer estimated average daily walking distance in these herds was 2.6km 1339 
(0.8 – 5.5kms). Estimated prevalence of cows with lameness was 19.1% 1340 
(range 5% to 44.5%). In 58 dairy herds (92%), cows with score 2 were the 1341 
largest group of cows. 1342 
To our knowledge, there are no other studies reporting the prevalence of 1343 
lameness in Australian dairy herds. The mean prevalence of lameness 1344 
51 
 
observed in this study (19.1%) was higher than reported by Fabian et al. 1345 
(2014) 8.3% (1.2% - 36%) for grazing herds in New Zealand. The 1346 
prevalence of lameness in the current study was similar to or lower than 1347 
that reported from other countries where cattle are housed. A study by 1348 
Cook (2003) in Wisconsin on freestall and tie-stall dairies showed that the 1349 
prevalence of lameness was seasonal and varied from 21.1% to 23.9%.  A 1350 
similar prevalence of lameness was reported in Canada by Solano et al. 1351 
(2016) who performed a study on 141 freestall dairies in 3 provinces 1352 
finding the average prevalence of lameness ranged between 19.6% - 24.2%.  1353 
The prevalence of lameness in European herds appears more variable. 1354 
Clarkson et al. (1996) reported a lameness prevalence of 20.6% in Wales, 1355 
with a range of 2% to 53.9% illustrating significant variation between 1356 
farms. A United Kingdom study found that the prevalence of lameness in 1357 
zero-grazing herds (39%) was higher than confinement herds that allowed 1358 
cows to graze during warmer months (15%) (Haskell et al., 2006). The high 1359 
prevalence of lameness reported by Haskell et al. (2006) on UK freestall 1360 
farms is consistent with a study by Barker et al. (2010) who found that the 1361 
prevalence of lameness was 36.8% amongst 205 freestall dairies in England 1362 
and Wales. 1363 
 1364 
 1365 
 1366 
 1367 
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1368 
Table 3. 2. Descriptive statistics of risk factors measured in lactating dairy 
herds in the state of NSW in Australia 
Risk factor 
N 
Average (range) 
 Walking distance (km/day) n=62 
2.64 (0.8 – 5.5) 
 Average milk yield (L/day) n=63 
23.70 (12 – 43) 
 Average peak of milk yield (L/day)  n=62 
34.20 (16 – 70) 
Average rainfall in last 30 days (mms) n=63 
2.23 (0 -11.2) 
Yard gradient (%)  n=58 
3.85 (1.8 – 9.6) 
Main track length (m) n=62 
460.11 (128.00-1017.10) 
Main track width (m) n=62 
9.89 (3.60 – 20.00) 
Main track gradient (%) n=62 
3.23 (0 – 12.5) 
Number of cows per meter width of the 
main track (n) 
n=62 
35.40 (6.75 – 108.28) 
Feed-pad length available per cow  n=18 
0.59 (0.16 – 1.00) 
Holding yard space available per cow  n=62 
1.67 (0.78 – 3.49) 
Cows holding heads up before milking 
(%) 
n=63 
0.10 (0.0 – 1.00) 
Entrance gate width n=62 
6.14 (2.4 – 15) 
Entrance width available for every 100 
cows 
n=62 
2.41 (0.77 – 5.83) 
Number of cows per unit of milking 
(n=?) 
n=63 
11.4 (4.2 – 23.2) 
Amount of grain fed (kg/day)  n=61 
6.36 (0 – 14) 
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3.7. Univariable and Multivariable Analysis 1369 
Our primary focus in this study was to investigate herd-level risk factors 1370 
that have been anecdotally suggested to contribute to the prevalence of 1371 
lameness in confinement or pasture-based dairy production systems. These 1372 
included farming practice, animal handling (human-cow interactions) and a 1373 
number of nutritional components. The results of univariable analysis are 1374 
presented in Table 3.4.   1375 
Potential limitations of the study relating to study design include the use of 1376 
a single locomotion assessment and a single assessor.  Performing a single 1377 
locomotion score provided a snapshot in time rather than a measure of 1378 
lameness prevalence over time. Short-term changes such as rainfall may 1379 
cause changes in the prevalence of lameness. The logistics of repeated 1380 
locomotion scoring was beyond the scope of this study.  Utilising a single 1381 
assessor across farms provided for consistency of farm risk assessments 1382 
and locomotion scoring.  Conversely, as measurement of risk factors was 1383 
not independent of locomotion scoring it presents a potential opportunity 1384 
for bias. Limitations related to findings in the study included difficulties 1385 
with meaningful assessment of tracks and inadequate sample size to 1386 
evaluate some factors. Studies conducted in New Zealand identified track 1387 
maintenance as one of the most important risk factors for lameness 1388 
(Chesterton et al., 1989). Crowning of dairy tracks is recommended to 1389 
provide water drainage from the surface of tracks to the adjacent paddocks. 1390 
In this study, dairy track assessment was attempted. However, intra-farm 1391 
intra-track variability in crowning slope made it difficult to provide a 1392 
meaningful measurement of this variable, hence it was not investigated in 1393 
our study. The contribution of presence or absence of footbath to the risk of 1394 
lameness was not fully investigated since only three farms had a footbath 1395 
and only two were using the footbath on a regular basis.  1396 
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Table 3. 3. Categories of risk factors considered for inclusion in univariable 
and multivariable statistical analysis 
Risk Factor Categories (n) Categories considered in the 
statistical analysis1 
Season Spring (n=21) 
Summer (n=7) 
Autumn (n=9) 
Winter (n=26) 
 
Region Central west (n=3) 
G.W Sydney (n=3) 
Hunter (n=28) 
Illawarra (n=7)  
Mid North Coast (n=2) 
South Coast (n=20) 
 
Breed Holstein (n=50)   
Holstein Cross (n=2) 
Jersey (n=4) 
Jersey Cross (n=0) 
Illawarra (n=4) 
Brown Swiss (n=1) 
Ayrshire (n=2) 
Holstein (n=50)  
Others (n= 13) 
Calving pattern Seasonal (n=2) 
Split (n=4) 
Batch (n=9) 
All year-round (n=48) 
All year-round (n=48)  
Others (n= 15) 
Backing gate Yes (n=15) 
No (n=48) 
 
Getting cows (milkers pushing 
cows into parlor) 
Yes (n=17) 
No (n=4) 
Occasionally (n=25) 
Only the last cows (n=17) 
Yes (n=17) 
Not getting cows &  
Getting cows occasionally and final cows (n=46)     
Grooving Yes (n=46) 
No (n=17) 
 
Surface score Very Smooth (n=12) 
Smooth (n=39) 
Moderately Rough (n=12) 
Rough (n=0) 
Very Rough (n=0) 
As the last two categories had no farms (n=0) 
they were not included. 
Overall steepness Flat (n=33)  
Slightly steep (n=19) 
Moderately steep (n=9) 
Very steep (n=2) 
Flat (n=33) 
Slightly flat (n=19) 
Moderately and very steep (n=11) 
  
Drainage outside main track Yes (n=2) 
No (n=61) 
Not included in the model 
Barrier efficiency  Yes (n=23) 
No (n=18)  
NA (n=22) 
 
Water drains from holding yard 
to main track 
Yes (n=4) 
No (n=59) 
 
Cows drifting Yes (n=59) 
No (n=4) 
Not included in the model 
Last cows holding heads up Yes (n=15) 
No (n=48) 
Not included in the model 
Sideways pushing / reversing Yes (n=20) 
No (n=43) 
 
1 Due to imbalanced numbers of cows in different categories, these variables were re-categorized or 
excluded from the analysis.  
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Table 3. 4. Univariable analysis of environmental and managerial risk factors 
associated with the prevalence of lameness in lactating dairy herds were re-
categorized or excluded from the analysis 
Risk Factors N 
Odds ratio 
(95% CI) 
P-value 
Season Summer (n=7) 
 
Autumn  (n=9) 
 
Winter  (n=26) 
 
1.28 
(0.49 – 3.34) 
0.80 
(0.51 – 1.35) 
1.21 
(0.92 – 1.57) 
0.610 
 
0.462 
 
0.158 
Rainfall last 30 days 63 1.08 
(0.02 – 0.14) 
0.007 
 
Milking breed 
(Holstein vs Other) 
63 0.51 
(0.38 – 0.68) 
0.000 
 
Average Daily Milk Production 
per Cow  
63 1.03 
(1.01 – 1.05) 
0.003 
 
Milk Protein % 62 0.28 0.002 
  (0.13 – 0.64)  
Calving pattern 
(Year-round vs Other) 
63 1.40 
(1.02 – 1.93) 
0.036 
 
Surface score 
(Holding yard concrete) 
Smooth (n=39) 
 
Rough (n=12) 
1.27 
(0.84 – 1.93) 
1.33 
(0.86 – 2.05) 
0.252 
 
0.198 
 
Yard Gradient 63 1.07 
(0.96 – 1.19) 
0.208 
 
Main track length 62 0.99 
(0.99 – 1.00) 
0.068 
 
Main track length of more than 
500meters 
62 0.77 
(0.56 – 1.07) 
0.132 
 
Main track width 62 0.94 
(0.91 – 0.97) 
0.001 
 
Number of cows per 1 m width of 
track 
62 1.002 
(0.99 – 1.00) 
0.228 
 
Cows heads up before milking 63 0.001 
(0.00 – 0.06) 
0.001 
 
Holding yard space available per 
cow 
62 0.72 
(0.49 – 1.04) 
0.083 
 
Cows drift on tracks 63 2.94 
(0.96 – 8.96) 
0.058 
 
Last cows pushed into yards 
holding heads up 
63 0.58 
(0.38 – 0.89) 
0.014 
 
Sideways pushing amongst last 
cows entering the yard 
63 0.52 
(0.36 – 0.74) 
0.0001 
 
Grain Kg fed/day 61 1.08 
(1.02 – 1.15) 
0.009 
 
Feed-pad space available per cow 
(m) 
18 0.69 
(0.48 – 1.00) 
0.054 
 
Region*  
Region 2 (n= 30) 
 
Region 3 (n= 27) 
 
 
0.47 
(0.48 – 2.76) 
0.48 
(0.20 – 1.13) 
 
0.163 
 
0.187 
 
* Central West and Great Western Sydney (Region 1), Hunter and Mid North Coast (Region 2), 
Illawarra and South Coast (Region 3) 
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Similarly, only 18 farms (out of 63 farms) used feed-pads to feed partial 1399 
mixed ration (PMR) before or after grazing. Therefore, we were unable to 1400 
investigate the association between the presence or absence of feedpads 1401 
and prevalence of lameness in the multivariable model. 1402 
 1403 
3.7.1. Herding Along the Tracks 1404 
In our study, the behaviour of cows was observed as they were brought up 1405 
to the dairy parlour for milking. Elevated head carriage and cow to cow 1406 
pushing reflecting excessive pushing by the staff or dogs was recorded. The 1407 
odds of lameness in those herds, where appropriate animal handling was 1408 
practised, was far less (OR: 0.56; 95% CI: 0.43, 0.71; P < 0.001, Table 3.5) 1409 
than those with rough cattle handling practices. These findings are 1410 
consistent with the results of case-control studies on 62 New Zealand 1411 
pasture-based dairy farms, where track maintenance and animal handling 1412 
were found to be the main risk factors for the prevalence of lameness 1413 
(Chesterton et al., 1989). Chesterton (2015) reports that cows 1414 
predominantly avoid sideways pushing; however dominant cows tend to 1415 
push between other cows when they are mishandled.  It has been proposed 1416 
that inappropriate animal handling practices with constant pushing of cows 1417 
can lead to increased congestion of the cows at the back of the herd which 1418 
results in cows holding their heads up leading to poor foot placement. It has 1419 
been shown in New Zealand dairy herds, that appropriate handling of cattle 1420 
on tracks and allowing them to drift towards the milking parlour at their 1421 
own pace can reduce the prevalence of lameness (Sauter-Louis et al., 2004). 1422 
These recommendations have been incorporated into farming guidelines on 1423 
stress-free movement and handling of cows (Chesterton, 2015).  The results 1424 
of the current study support these recommendations. Rough handling of 1425 
lactating cows has also been reported by Amstutz (1985) as a major 1426 
recurrent management issue in dairy herds.  1427 
 1428 
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3.7.2. Milking and holding yard 1429 
Potential risk factors considered for lameness attributable to conditions in 1430 
the milking yard included cow behaviour (as an indicator of poor handling), 1431 
space per cow in the holding yard and the surface score of the concrete 1432 
(smoothness and grooving). Every square meter increase in the available 1433 
space per cow in the holding yard reduced the odds of lameness by 33% 1434 
(OR: 0.67; 95%CI: 0.56, 0.81; P < 0.001, Table 3.5). This is particularly 1435 
important as dominant cows tend to walk and be positioned in their desired 1436 
milking order by pushing amongst the less dominant cows (Sauter-Louis et 1437 
al., 2004). Having more space for less dominant cows reduces the frequency 1438 
of contacts and provides room to avoid dominant cows pushing through to 1439 
their desired milking order. Our observations in dairy herds with low 1440 
prevalence of lameness support these assertions.  In these herds cows in the 1441 
holding yards could move back freely in the presence of dominant cows at 1442 
the entrance of milking parlour. These findings have practical application in 1443 
dairy herds and demonstrate that the design of milking yards could be a 1444 
limiting factor for steady flow of cows without pushing or increased 1445 
competition. This indicates that improving the milking yard and increasing 1446 
available space per cows can be beneficial and will potentially reduce the 1447 
prevalence of lameness in dairy herds. Nevertheless, these findings are not 1448 
in agreement with the findings of Chesterton et al. (1989), where the 1449 
prevalence of lameness was higher in herds with greater available space 1450 
per cow (1.27m2 vs. 1.08m2 space per cow). He speculated that the reason 1451 
for higher prevalence of lameness in farms with more space per cow could 1452 
be due to more movement and increased probability of foot injuries. 1453 
However, Chesterton also found that the risk of lameness was associated 1454 
with backing gate overuse suggesting that yard area may not have reflected 1455 
available or “effective” space over the course of milking in some herds 1456 
(Chesterton et al., 1989).  1457 
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We found that the odds of lameness was lower (OR: 0.56; 95%CI: 0.43, 0.75, 1458 
P < 0.001, Table 3.5) in dairy herds where the cows did not hold their heads 1459 
up in the milking yard before milking compared to those herds in which 1460 
cows held their heads up before milking (when the holding yard gates were 1461 
shut). This could be due to ample space per cow in the milking yard. Higher 1462 
prevalence of lameness in herds where a proportion of cows were holding 1463 
their heads up were predominantly observed in those herds with obstacles 1464 
in the milking yard. These obstacles included gates in the middle of milking 1465 
yard that can disrupt cow movement, herds with extra gates or rails in the 1466 
holding yard and herds with circular holding yard where the entrance was 1467 
in the middle of milking yard.  1468 
The estimated odds of lameness in herds on both smooth (score = 2) (OR: 1469 
1.42; 95%CI: 1.08, 1.89; P = 0.12, Table 3.5) and rough (score = 3) (OR: 1.61; 1470 
95%CI: 1.31, 1.97; P < 0.001, Table 3.5) concrete surfaces were greater than 1471 
those on very smooth concrete surface (score = 1) in the milking yard. 1472 
These findings contradict the common assumptions that the level of 1473 
smoothness of holding yard is associated with the prevalence of lameness. 1474 
It appears that the interaction between grooved surface and smoothness of 1475 
surface may have partially contributed to different outcomes in our study. 1476 
However, due to the imbalanced structure of data on milking yard 1477 
smoothness scores and grooves, it was not appropriate to statistically 1478 
assess the significance of grooving or the interaction between the presence 1479 
or absence of grooving and the surface scores of milking yards. The pattern 1480 
of grooving and properties of the grooves were not assessed in this study 1481 
because there were marked differences within and between herds (e.g. 1482 
some farms had up to five different types of grooving patterns in their 1483 
milking yard). Other factors that may have contributed to lower prevalence 1484 
of lameness in very smooth milking yards are farm management, as farm 1485 
personnel may tend to implement more appropriate cow handling practices 1486 
in these milking yards compared to those with a rougher surface.  1487 
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 1488 
Table 3. 5. Multivariable logistic regression of risk factors associated with the 
prevalence of lameness in lactating dairy herds in the state of NSW in Australia 
Risk factors Odds ratio (95% CI) P value 
Sideway Pushing Amongst Cows 
When Herding 
  
Yes 1.0 - 
No 0.56 
(0.43, 0.71) 
<0.001 
Space per cow in Holding Yard 
(m2) 
0.67 
(0.56, 0.81) 
<0.001 
Feed-pad length (m)  0.68 
(0.55, 0.84) 
<0.001 
Cows in holding yard holding 
head up just before milking 
started 
  
Yes 1 - 
No 0.57 
(0.43, 0.75) 
<0.001 
Surface score   
1 (Very Smooth) 1 - 
2 (Smooth) 1.43 
(1.08, 1.89) 
0.12 
3 (Rough) 1.61 
(1.31, 1.97) 
<0.001 
Rainfall last 30 days before the 
visit (mm) 
1.06 
(1.02, 1.09) 
0.001 
Average daily milk (Lit) 1.04 
(1.02, 1.05) 
<0.001 
Main breed   
Holstein 1 - 
Other breeds 0.77 
(0.58, 1.03) 
0.074 
Calving system   
Year-round 1 - 
Other 1.17 
(0.97, 1.41)  
0.099 
Regions*   
(Ref) Region 1 1.0 - 
Region 2 0.68 
(0.34, 1.37) 
0.281 
Region 3 0.66 
(0.33, 1.31) 
0.237 
 
60 
 
It has also been reported that cows walking on very smooth surfaces are 1489 
generally more cautious and walk with a stiff gait which may lead to less 1490 
slipping, cow to cow contact and lameness (Phillips and Morris, 2001). It 1491 
has been suggested that rough uneven surfaces may transfer weight bearing 1492 
to point pressure areas on the sole rather than the wall, which is the 1493 
strongest part of the claw capsule, increasing the frequency of abrasions 1494 
and sole bruising (Phillips and Morris, 2001; Telezhenko et al., 2008). It is 1495 
anticipated that cows are more cautious and less vigorous when walking on 1496 
very smooth surface in the holding yard; however, the converse is also 1497 
possible because stockman may push cows harder on rough surface due to 1498 
lower probability of cows slipping and falling on rough surfaces. 1499 
 The odds of lameness in herds with predominantly Holstein-Friesians (HF) 1500 
cows tended to be greater than the other breeds combined (OR: 0.77; 95% 1501 
CI: 0.58, 1.03, P = 0.074, Table 3.5, HF cows were the reference group). The 1502 
breed of cattle has previously been reported as a risk factor for lameness in 1503 
other studies. The Jersey cows (Alban, 1995; Baranski et al., 2008) and 1504 
crossbred cattle had lower risk of lameness compared to HF cows (Barker 1505 
et al., 2010). In our study, due to the small number of herds with other 1506 
breeds (n = 13) than HF, we were unable to demonstrate if breed can be 1507 
considered as potential risk factor at α = 0.05 level.   1508 
The odds of lameness in herds with feed-pads appear to be associated with 1509 
the length of feed-pad available per cow (m/head) (OR = 0.68; CI 95%: 0.55, 1510 
0.84; P < 0.001, Table 3.5), indicating the prevalence of lameness is lower in 1511 
those herds where more feeding space is available per cow. The majority of 1512 
herds with feed-pads (n = 18) in this study were established on a concrete 1513 
surface, and the rough concrete surface can contribute to trauma and claw 1514 
horn lesions (Cook et al., 2004). Competition between cows during the 1515 
feeding period at feed-pad with inadequate space per cow can be associated 1516 
with more pushing and twisting on their feet, which can cause abrasion and 1517 
injuries to the claws and consequently lameness. In the current study, the 1518 
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estimated average feeding space per cow at the feed-pad was 0.59m (range 1519 
0.17 – 1.0m). It has been demonstrated that feed-pads with more feeding 1520 
space per cow (0.75m and 1m per cows) reduces the competition and 1521 
aggressiveness between cows which in turn improves their feeding 1522 
behaviour (Hetti Arachchige et al., 2014).  1523 
 1524 
3.7.3. Environment and Cow Factor 1525 
We explored the impact of both the amount of rainfall and season on the 1526 
prevalence of lameness. In contrast to lameness studies in other countries, 1527 
season was not a significant risk factor for lameness in NSW pasture-based 1528 
dairy herds. The winter season in North America and Europe is 1529 
predominantly associated with higher rainfall, lower temperature and an 1530 
increased risk of lameness (Cook, 2003). The seasonal rainfall data obtained 1531 
from the Australian Bureau of Meteorology during the period of this study 1532 
(3 years) showed that there were significant variations in annual rainfall 1533 
among the regions in different years and seasons, and inconsistent 1534 
relationship among temperature, rainfall and season. The odds of lameness 1535 
increased with increasing average daily rainfall during the 30 days prior to 1536 
the farm assessment (OR = 1.06, 95% CI: 1.02, 1.09; p = 0.001, Table 3.5). 1537 
These findings are consistent with the study of  Williams et al. (1986) in the 1538 
UK, who showed that wet weather was a significant risk factor for lameness 1539 
in pasture-based dairy herds. Clarkson et al. (1996) found that in Wales and 1540 
western England the prevalence of lameness (25%) during the winter time 1541 
was greater than the summer time (18.6%). Several studies have 1542 
investigated the effect of moisture on the hardness of claw horn (Vermunt 1543 
and Greenough, 1995). Prolonged exposure to water makes the claws softer 1544 
and more prone to injuries. Cows with softer claws tend to have more 1545 
severe claw lesions than cows with harder claws (Borderas et al., 2004). It’s 1546 
been suggested to keep cows in conditions that allow for dry hooves as 1547 
much as possible (Borderas et al., 2004), however, claws of cows in pasture-1548 
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based dairy herds are constantly exposed to moisture during the wet 1549 
months. We speculate that this constant exposure has contributed to the 1550 
higher locomotion scores found in our study.  1551 
For every one-liter increase in average daily milk production the odds of 1552 
lameness increased by 4% (OR = 1.04, 95% CI: 1.02, 1.05; Table 3.5). These 1553 
findings are supported by other studies (Deluyker et al., 1991; Green et al., 1554 
2002; Bicalho et al., 2008), who investigated the association between the 1555 
level of milk production and prevalence of lameness in confined herds. 1556 
Hansen et al. (1979) found that in herds with high genetic merit, high milk 1557 
yield was positively associated with the incidence of lameness. In the 1558 
current study, herd was the unit of analysis and we didn’t have access to 1559 
production data for individual cows and were unable to include cow risk 1560 
factors such as parity, productivity and health status of cows in the analysis. 1561 
Therefore, it is important to consider the ecological fallacy that these 1562 
findings may not accurately represent the relationship between milk yield 1563 
and prevalence of lameness in lactating dairy herds at the cow level and 1564 
should be interpreted with caution.    1565 
Nutrition is reported to be an important risk factor for lameness (Manson 1566 
and Leaver, 1988a; Livesey et al., 1998). Various lesions resulting in 1567 
lameness are proposed to be due to laminitis (Greenough, 1990). Despite 1568 
extensive research on laminitis, its aetiology is still unclear (Danscher et al., 1569 
2009). One of the proposed risk factors for laminitis is dairy rations high in 1570 
readily fermentable carbohydrate. Christmann et al. (2002) demonstrated 1571 
this by inducing laminitis through feeding excessive amounts of grain to 1572 
steers. Coombe et al. (2013) compared claw health of cows offered pasture 1573 
silage in the paddock and also fed grain-based partial mixed ration at 1574 
feedpad and grain in morning and afternoon milking times during early, 1575 
mid and late lactation. They found that different feeding systems or amount 1576 
of supplements did not significantly influence the prevalence of the 1577 
common lesions such as white line disease, paint brush haemorrhaging and 1578 
bruising. In the current study, the amount of grain or pellets fed per head 1579 
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per day on each dairy was recorded to be an average of 6.36 kg (ranged 1580 
from 3 - 14 kg per cow per day, Table 3.2), however the amount fed was not 1581 
found to be significantly associated with the risk of lameness.  1582 
The association between milk composition (fat and protein percentage) that 1583 
was obtained from monthly herd recording of selected farms was initially 1584 
explored in a univariable analysis. The univariable analysis showed that the 1585 
prevalence of lameness was higher (p = 0.002, Table 3.4) in herds with 1586 
lower monthly average milk protein. We cautiously examined this 1587 
association, however, due to the lag time between the day of the visit and 1588 
monthly herd recording in most participating herds, this variable was not 1589 
considered in the multivariable model, which deserves further 1590 
investigation. 1591 
 1592 
3.8. Conclusion 1593 
The results of this cross-sectional study provided an insight on potential 1594 
environmental, managerial and production risk factors associated with 1595 
lameness in pasture-based dairy herds in NSW, Australia. Identifying and 1596 
quantifying the relative contribution of risk factors for lameness helps dairy 1597 
farmers, cattle veterinarians and farm consultants to prioritise resources 1598 
for cost effective lameness prevention. Management, facility, 1599 
environmental, and cow factors were observed to contribute to the risk of 1600 
lameness.  Notably, the risk of lameness is largely influenced by cow 1601 
handling as cows are brought up to the dairy and by the degree of crowding 1602 
within the holding yard prior to milking.  Scenarios associated with cows 1603 
lifting their heads and pushing sideways increases the risk of lameness.  The 1604 
result of the study indicates a significant minimal cost opportunity to 1605 
reduce lameness through good stock handling.  1606 
64 
 
Chapter 4 1607 
 Farmers’ perceptions and approaches to treatment and 1608 
prevention of lameness in dairy herds  1609 
- This Chapter has been accepted for publication by the New Zealand 1610 
Veterinary Journal subject to minor changes. 1611 
- The interview procedure and questionnaire for this experiment was 1612 
approved by the Human Research Ethics Committee of the University 1613 
of Sydney (Sydney, Australia) application number 2012-01 / 14219.  1614 
 1615 
4.1. Abstract 1616 
AIMS:  The objective of this study was to investigate farmers’ perception of 1617 
lameness in comparison to the estimated prevalence of lameness in NSW 1618 
pasture-based dairies to evaluate farmers’ approaches to treatment and 1619 
prevention of lameness.   1620 
METHODS: A cross-sectional study was conducted in 62 pasture-based 1621 
dairy farms across NSW, Australia. The prevalence of lameness in these 1622 
farms was estimated using locomotion scoring (1-4 scale). A survey was 1623 
also conducted, using a questionnaire and face-to-face interview, to explore 1624 
farmers’ perceived prevalence of lameness and approaches to treatment 1625 
and prevention.  1626 
RESULTS: The prevalence of lameness estimated by farmers was 3.7 times 1627 
less (average: 5%; range 0% to 26%) than that identified by locomotion 1628 
scoring (average: 18.5%; range 5.0% – 44.6%). Approaches to treatment 1629 
included antimicrobial therapy, hoof inspection with or without application 1630 
of wooden blocks. In 28% of the farms, the lame cows were dealt with by a 1631 
non-trained farmer or farm staff. The average interval from detection of 1632 
lameness to examination of the affected hoof was almost 55 hours (range 2 1633 
– 720 hours). A very low percentage of farms kept lameness records or 1634 
65 
 
implemented lameness preventive strategies such as footbaths and 1635 
prophylactic foot trimming.   1636 
CONCLUSIONS: Farmers and farm managers were found to underestimate 1637 
the prevalence of lameness which could be due to the low level of 1638 
awareness and can contribute to subsequent lack of implementation of 1639 
prophylactic procedures and preventive management strategies for 1640 
lameness. These findings accentuate the need to improve farmers’ ability to 1641 
detect lame cows and to emphasise the importance of recording in order to 1642 
facilitate the management of lameness in dairy herds.  1643 
 1644 
Keywords: lameness; farmer perception; pasture-based; dairy cattle 1645 
Abbreviations LCS, locomotion score; MT, main track; FW, farmers 1646 
estimate of average daily walking distance; FP, farmer estimate of 1647 
prevalence of lameness. 1648 
 1649 
4.2. Introduction 1650 
There is an ongoing trend for increasing societal interest regarding the 1651 
welfare of food producing animals and for supermarkets to seek marketing 1652 
opportunities presented by food products produced according to defined 1653 
welfare guidelines. Lameness has significant welfare (Webster, 1986) and 1654 
economic (Willshire and Bell, 2009; Archer et al., 2010) implications for the 1655 
dairy industry. One of the limitations to managing lameness on farms is the 1656 
perception of lameness by farm staff (Leach et al., 2010). In a study in the 1657 
UK, it was shown that 62% of the sampled farmers did not perceive 1658 
lameness as a major problem on their farm, even though the estimated 1659 
prevalence of lameness determined by locomotion scoring on the farms was 1660 
36% (Leach et al., 2010). A number of international studies have 1661 
demonstrated that the true prevalence of lameness is often 3 to 5 times 1662 
higher than that perceived by farmers (Espejo et al., 2006; Sarova et al., 1663 
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2011). A better perception of lameness by dairy farmers might be crucial in 1664 
increasing the likelihood of allocating resources to managing and 1665 
preventing lameness. Prompt detection of lame cows will also result in 1666 
earlier treatment (Alawneh et al., 2012), improved clinical outcomes and 1667 
subsequently improved production and welfare (Leach et al., 2012). 1668 
Lameness scoring is required to determine the prevalence of lameness and 1669 
can be used as an aid in measuring responses to management interventions. 1670 
Over the past 30 years, a number of locomotion scoring systems have been 1671 
developed for dairy cows to facilitate detection of lame cows, lameness 1672 
research and dairy farm management (Whay, 2002; Manson and Leaver, 1673 
1988b). Accuracy and repeatability of locomotion scoring is improved when 1674 
the levels of scores are limited to lame or not lame (March et al., 2007).  1675 
From a practical standpoint, when conducting locomotion scoring, the most 1676 
suitable place to assess milking cows is when cows exit the milking parlour 1677 
while walking on a straight concrete surface.   1678 
Management strategies developed to prevent lameness in dairy cattle 1679 
include a combination of anecdotal and evidence-based methods. The 1680 
majority of evidence-based recommendations have been derived from 1681 
research studies in intensive husbandry systems. These include regular 1682 
hoof trimming (Manson and Leaver, 1988b; Manske et al., 2002), use of 1683 
footbaths (Davies, 1982; Randhawa et al., 2008) and feeding of nutritional 1684 
supplements (Campbell et al., 2000; Hedges et al., 2001). Examples of 1685 
anecdotal recommendations include construction of tracks with crown 1686 
slopes less than 8% and avoiding sharp corners in dairy tracks and exits 1687 
from milking parlour (Chesterton, 2011). Industry adoption of “best 1688 
practice” lameness prevention strategies requires producers’ knowledge 1689 
and belief in the benefit of these strategies.  1690 
This study was conducted to investigate farmers’ perceived prevalence of 1691 
lameness in NSW pasture-based dairies and to evaluate farmers’ 1692 
approaches to treatment and prevention of lameness. 1693 
 1694 
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4.3. Materials and methods 1695 
4.3.1. Farm selection criteria and visits 1696 
Farms were enrolled in the study according to a non-random sampling 1697 
(based on veterinary and department of primary industry referrals) of NSW 1698 
pasture-based dairy farms across three dairy regions of the state. A total of 1699 
63 farms with an average of 300 (90 to 1025) milking cows per farm were 1700 
enrolled in the study. One of the farms did not participate in the interview 1701 
and was subsequently excluded from the results presented in this paper. 1702 
The participant dairy herds (n = 62) included all year-round, batch, split 1703 
and seasonal calving programs. Farm visits were conducted between June 1704 
2011 and June 2014. Each farm was visited once by the study investigator 1705 
who performed all locomotion scoring (LCS) of cows and the interviews 1706 
with farmers and farm managers.  During the visit, the farm environment 1707 
was also assessed for potential risk factors for lameness (Ranjbar et al., 1708 
2016) this process included measuring the length of the “Main Track” which 1709 
farmers were asked about during the interview. 1710 
   1711 
4.3.2. Locomotion scoring 1712 
A modified version of the scoring system developed by Nordlund (Ranjbar 1713 
et al., 2016) was used to facilitate scoring of multiple cows at the same time 1714 
and also scoring of cows with multi-limb lameness (Table 4.1). The 1715 
locomotion scoring system incorporated 4 scores (1 to 4), where scores 1 1716 
and 2 were considered “sound” and scores 3 and 4 were considered “lame”. 1717 
Locomotion scoring in all herds was performed by the same 1718 
trained/experienced observer during milking time when cows were exiting 1719 
the milking parlour.  1720 
Because of the different number of cows exiting the parlour at the same 1721 
time, a tally of the scores was recorded rather than individual cow scores. 1722 
 1723 
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4.3.3. Survey and interview     1724 
A survey was conducted by interviewing farmers during the farm visits. 1725 
During the interview farmers and/or farm managers were asked to provide 1726 
an estimate regarding the number of lame cows present in the herd on the 1727 
day of the visit and number of lame cows treated each month. The farmers 1728 
were also asked to define the “Main Track” used most of the times 1729 
throughout the year. Survey questions pertaining to treatment related to, 1730 
staff training, the interval from detection of a lame cow to treatment of 1731 
lameness (defined to farmers as therapeutic trimming of the hoof with or 1732 
without application of a hoof block) and on-farm lameness record keeping. 1733 
The focus of lameness prevention questions was on preventative hoof 1734 
Table 4. 1. Locomotion scoring system used to identify cows with lameness 
including classification of lameness 
Locomotion 
score 
Descriptions 
Lameness 
Classification 
Score 1 Long strides with a level back 
Walks rapidly and confidently 
Sound 
Score 2 Walks more slowly, making shorter strides 
with an arched back 
Does not appear to favor a limb 
Sound 
Score 3 Often Thin, walks slowly with deliberate 
short strides with an arched back 
Difficulty turning 
Sinking of dew claws 
Bobbing head up and down 
Favors a limb (if lesion on both hind limbs 
the cow will make short strides with both 
and might appear not favoring a limb) 
Lame 
Score 4 Walks very slowly and with a pronounced 
arched back 
Affected limb partially weight bearing (in 
case of front limb lameness the cow might 
have a straight back when standing but 
might hold the limb off the ground) 
Lame 
* Considerations taken into account while scoring are shown in parenthesis. 
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trimming, use of footbaths and dietary additives purported to reduce the 1735 
incidence of lameness.  1736 
The interview procedure and questionnaire for this experiment was 1737 
approved by the Human Research Ethics Committee of the University of 1738 
Sydney (Sydney, Australia) application number 2012-01 / 14219.  1739 
 1740 
4.4. Results 1741 
The demographic distribution of participating farms included 47 (75.8%) 1742 
all year-round, two (3.2%) seasonal, four (6.5%) split and nine (14.5%) 1743 
batch calving herds. The average herd size was 300 milking cows (range 90 1744 
to 1025) with an average milk production of 23.8 litres per cow per day 1745 
(range 12 to 43 litres). The average amount of concentrate fed across all 1746 
farms was 6.6 kg per head per day (n = 61; range 3 -14 kg). Seventeen farms 1747 
(27.4%) used feed-pads for the delivery of supplements and partial mixed 1748 
rations.  1749 
A total of 18883 cows were locomotion scored across 62 farms that 1750 
completed the survey. The average prevalence of lameness (locomotion 1751 
scores 3 and 4) was 18.5% (range 5.0% to 44.6%). The estimated average 1752 
prevalence of cows with severe lameness (score 4) was 1.4% (0.0% to 1753 
6.7%). The average prevalence of lameness estimated by farmers (or farm 1754 
managers) was 5% (range 0% to 26%). Out of the 62 farms interviewed, 1755 
90.3% of farmers (n = 56) estimated a lower prevalence of lameness than 1756 
determined by locomotion scoring, 3.3% (n = 2) estimated a similar 1757 
prevalence (±2% of the LCS finding) and 6.4% (n = 4) reported a higher 1758 
prevalence of lameness (Figure 1). The annual incidence of lameness 1759 
estimated by farmers was 23% (range 4% to 82%). However, only 27.4% (n 1760 
= 17) of the farmers recorded lameness events, thus the farmer reported 1761 
incidence is only considered an estimate.   1762 
The estimated interval from detection of lameness to evaluation and 1763 
treatment of hoof lesions by inspection of the hoof was 55.4 hours (range 2 1764 
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to 720 hours). During the interview, it was noted that a number of farmers 1765 
used antimicrobial therapy as the initial intervention in the treatment of 1766 
lame cows, however, this data was not recorded (the interval from 1767 
detection of lameness to the administration of antimicrobial therapy was 1768 
also not recorded). On the majority of farms (72.2%), lame cows were 1769 
treated by an individual (veterinarian or farm staff) who had received 1770 
training regarding the treatment of lame cows. The majority of dairy farms 1771 
(n = 51, 82.2%) had a hospital paddock to keep their lame cows close to the 1772 
parlour in order to minimise the daily walking distance. Some farmers 1773 
opted to minimise the amount of daily walking distance of cows by 1774 
alternating day and night paddocks in order to reduce the risk of lameness. 1775 
Considering that the cows were milked twice a day, the minimum distance 1776 
walked by cows each day was equal to the length of the “Main Track” times 1777 
four. When farmers were asked to estimate the daily walking distance of 1778 
their cows it was found that 25.8% of the farmers and farm managers 1779 
underestimated the daily walking distance of their cows.  1780 
Preventative hoof trimming was only adopted by 12.9% farms (8 out of 62; 1781 
once during lactation), the remaining farms elected to trim the cows on an 1782 
“as needed basis” (e.g. long toes). Footbaths were only used on 3.2% dairy 1783 
farms (2 out of 62) on a regular basis. Similarly, locomotion scoring was 1784 
utilised infrequently as a tool to monitor the prevalence of lameness at the 1785 
farm level, and only 2 farms recorded scoring by a trained observer in the 1786 
six-month period prior to the commencement of this study.  1787 
Farmers were also asked about the diet composition and nutrient contents 1788 
and supplementary feeds (e.g. monensin, biotin, etc.) fed to their cows. 1789 
However, without consultation with nutritionists and feedmills most 1790 
farmers were unsure regarding which, if any, supplements were included in 1791 
the ration that related to the prevention of lameness.  1792 
 1793 
 1794 
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4.5. Discussion 1795 
The enrolled farms represented 8.7% of dairy farms (n = 710) in NSW 1796 
(Dairy Australia) and 9.5% of the milking cows. The average daily milk 1797 
production in participating farms was 23.8 litres/cow/day, which was 1798 
higher than the NSW average (16.4 lit/cow/day) (Dairy Australia). The 1799 
sampling strategy that was used to enrol farms in this study had the 1800 
potential to introduce bias toward farms that utilised veterinary and farm 1801 
practice services from the Department of Primary Industries. Given that the 1802 
majority of the participating herds in this study were higher producing 1803 
herds that utilised professional services, the inference is that the presented 1804 
results are more likely to reflect a more informed farmer group.   1805 
The average prevalence of lameness estimated by farmers was 5%, which 1806 
was 3.7 fold lower than that determined by locomotion scoring (18.5 %). 1807 
The underestimation of lameness prevalence by farmers in this study was 1808 
similar to the findings of other international studies. In the United Kingdom, 1809 
the prevalence of lameness determined by locomotion scoring in two 1810 
studies was 15.2% and 22.1%, which was 2.5 to 3.9 times the prevalence 1811 
estimated by farmers, respectively (Whay et al., 2003; Wells et al., 1993b).  1812 
Similar findings were reported in the US and Czech Republic studies, where 1813 
the prevalence of lameness determined by locomotion scoring was 24.6% 1814 
and 31%, respectively; which was 3.1 and 5 times of those reported by 1815 
farmers (Espejo et al., 2006; Sarova et al., 2011). Lameness detection failure 1816 
by farm staff has been shown to lead to a delay in treatment of lame cows 1817 
(Alawneh et al., 2012).  1818 
It has been suggested that locomotion scoring of the whole herd should be 1819 
carried out biannually as a part of herd health programs to identify the lame 1820 
cows sooner and assess the effectiveness of lameness preventative 1821 
interventions (Whay, 2002). More frequent scoring has been proposed to 1822 
assess the effectiveness of treatment recovery rate (Groenevelt et al., 2014). 1823 
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Our survey in this study showed that locomotion scoring had only been 1824 
performed on two farms in the 6 months prior to our visit.  1825 
The lower prevalence of lameness reported by farmers may be due to a 1826 
number of factors. It is speculated that farmers may accept a higher 1827 
threshold for lameness, assuming a certain percentage of lame cows as 1828 
normal, or have insufficient training or skills to accurately identify cows 1829 
with subtle lameness which in turn means that lame cows are less likely to 1830 
receive timely treatment which can negatively impact treatment outcomes 1831 
and welfare. Time constraints during a busy work day may lead to 1832 
inadequate observation of cows (e.g. not enough farm labour) (Wells et al., 1833 
1993b; Whay et al., 2002). Different classifications of lameness (Table 4.2) 1834 
are also a potential cause of differences in lameness prevalence estimates. 1835 
Those studies that evaluated the reliability and repeatability of locomotion 1836 
scoring have suggested that agreement between observers increases in 1837 
scoring systems with fewer categories (March et al., 2007).  1838 
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 1839 
Table 4. 2. Estimated prevalence of lameness in studies using different scoring systems 
Study / Year Country 
Mean prevalence of 
Lameness 
Scoring scale Sample size Housing 
Clarkson et al. (1996) Britain and Wales 18.6% Summer 
25% Winter 
1 – 5 (including 0.5 
points) 
37 farms / 4230 cows - 
Gitau et al. (1996) Kenya 11.7% 0 – 4 78 farms / 216 cows Paddocks, Tether and Zero-
graze 
Cook (2003) USA 21.1% Summer 
23.9% Winter 
1 - 4 30 farms / 3621 cows Freestall 
Amory et al. (2006) Netherlands 16.5% 1 - 3 19 farms / 1450 cows Stall-housing system 
Haskell et al. (2006) UK 39% (zero-grazing) 
15% (Grazing) 
1 – 5 37 farms / 2724 cows Zero grazing ad grazing 
Espejo et al. (2006) USA 24.6% 1 - 5 50 farms / 5626 cows Freestall 
Capion et al. (2008) Denmark 5%  0 - 2 55 farms / 6240 cows Loose-house systems 
Rutherford et al. (2009) UK 16.2% Autumn 
16.3% Winter 
19.3% Spring 
1 - 4                  10870 Autumn 
80 farms/ 5728 Winter 
              12100 Spring 
Grazing – housed for part or 
all Winter 
Rouha-Mulleder et al. (2009) Austria 36% 1 - 5 80 farms / 2360 cows Cubicle loose-housed 
Kielland et al. (2009) Norway 17% 1 - 5 232 farms / 2335 cows Freestall 
Dippel et al. (2009) Germany and Austria 34% 1 – 5 103 farms / 3514 cows Freestall ± Pasture access 
Barker et al. (2010) England and Wales 36.8% 0 - 3 205 farms Freestall / Deep straw yard 
Sarova et al. (2011) Czezh Republic 30.5% 0 – 2 14 farms / 807 cows Loose housing system 
Husfeldt and Endres (2012) USA 17.1% 1 - 5 34 farms / 37271 Freestall 
von Keyserlingk et al. (2012) Canada and USA 27.9% – 54.8% 1 - 5 121 farms  Freestall 
Sarjokari et al. (2013) Finland 23%  1 - 5 87 farms / 3459 cows Freestall 
Chapinal et al. (2014) China 31% 1 – 5  34 farms  Freestall 
Fabian et al. (2014) New Zealand 8.1% 0 - 3 59 farms / 23949 cows Pasture-based 
Cook et al. (2016) USA 13.2% 1 - 5 66 farms Freestall 
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Studies investigating the incidence of lameness in Australian dairy herds 1840 
include reports from 1988 in South-Western Victoria, where the annual 1841 
incidence of lameness reported by farmers was 7% (range 0% to 39%) 1842 
(Harris et al., 1988). In a Queensland study, the incidence of lameness 1843 
treated by veterinarians during a 9 month period on 83 dairy farms was 1844 
2.7% (range 1.4% to 5.5%) (McLennan, 1988). This is similar to the 1845 
incidence of veterinary treated lameness (2.5%) reported by Jubb and 1846 
Malmo (1991) in East Gippsland, Victoria. The disparity in the findings 1847 
between South Western Victorian versus Queensland and East Gippsland 1848 
studies is likely to reflect the farmer versus veterinary diagnosis as many 1849 
lame cows are managed by farmers without veterinary attention. The 1850 
average incidence of lameness estimated by farmers in our study was 23%, 1851 
which was higher than those estimated by farmers in previous Australian 1852 
studies; however, it was similar to the incidence results reported in New 1853 
Zealand dairy farms (range 20% to 45%) (Gibbs, 2008). The incidence of 1854 
lameness reported by farmers in our study was based on their perceived 1855 
estimates rather than on-farm records. Forty-five participating dairy 1856 
farmers (72.5%) in this study did not keep any hard or electronic records of 1857 
lame cows that were treated by farm staff or veterinary intervention. 1858 
Keeping reliable records of lameness events at the farm level can provide 1859 
the information needed to estimate the incidence of lameness and the type 1860 
of lesion causing the majority of lameness (Hultgren et al., 2004).  This 1861 
information is useful for determining the cause of lameness and for 1862 
prioritising the application of resources to lameness prevention.  1863 
Early treatment (within 48 hours) of lameness reduces the duration of 1864 
lameness and increases the likelihood of full recovery which minimises the 1865 
need for repeated treatment (Leach et al., 2012; Groenevelt et al., 2014). It 1866 
has been reported that cows with chronic lameness due to claw horn 1867 
lesions are more likely to develop irreparable anatomical changes such as 1868 
development of exostoses on the caudal aspect of the distal phalanx, which 1869 
can lead to impaired locomotion (Newsome et al., 2016). The average 1870 
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interval between detection of a lame cow and assessment and therapeutic 1871 
trimming was reported by farmers to be 55.4 hours (2 to 720 hours). Given 1872 
that farmers and farm managers underestimated the prevalence of 1873 
lameness, it is probable that the interval from the onset of lameness to 1874 
treatment could be potentially longer on some farms due to detection 1875 
failure. This is particularly important in cows that are not severely lame as 1876 
farmers may perceive the degree of locomotion as minimally impaired and 1877 
thus not requiring treatment (Whay et al., 2003). However, the initial 1878 
intervention protocol for lameness on some farms involved administration 1879 
of antimicrobials, which would have increased the detection to treatment 1880 
interval on those farms.  Antimicrobial therapy as a primary therapeutic 1881 
intervention in the absence of proper assessment of cause of lameness 1882 
seems to be inappropriate, particularly when claw horn lesions are the 1883 
major cause of lameness. Inappropriate treatment practices can also delay 1884 
timely effective treatment and subsequently healing processes, leading to 1885 
more complicated (Leach et al., 2012) and severe lesions (Groenevelt et al., 1886 
2014).  1887 
Research studies conducted in intensive dairy husbandry production 1888 
systems have shown that hoof trimming can improve cows’ locomotion and 1889 
decrease the duration and number of clinical cases of lameness (Manson 1890 
and Leaver, 1988b). Routine hoof trimming has been demonstrated to 1891 
reduce lameness by 25% - 34 % and lower the odds of white line lesions 1892 
and sole ulcers by 14% and 41%, respectively (Manske et al., 2002; 1893 
Hernandez et al., 2007). There is no evidence regarding the number of hoof 1894 
trimmings required during a lactation that would be most beneficial. 1895 
However, anecdotally it is recommended to trim cows twice per lactation 1896 
on farms that are considered “at-risk”. In the present study, 12.9% of the 1897 
farms (8 out of 62) trimmed cows once per lactation on a regular basis. No 1898 
studies have been conducted evaluating routine hoof trimming on pasture-1899 
based dairies, therefore, extrapolation of the benefits from intensive dairy 1900 
systems (such as freestalls) may not be appropriate. There is limited 1901 
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evidence that routine hoof trimming can have a significant impact on hoof 1902 
health in pasture-based dairy farms (González Sagues, 2008). Some studies 1903 
suggest that routine hoof trimming on pasture-based dairy herds will not 1904 
necessarily be beneficial and it could even be harmful to those cows that are 1905 
not lame or don’t have overgrown claws (Mahendran and Bell, 2015). Our 1906 
survey showed that a small number of participating dairy farms 1907 
implemented preventative hoof trimming. This may be due to the lack of 1908 
awareness regarding the impact of lameness on the productivity of dairy 1909 
cows, lack of or poor trimming facilities or reflect farmers lack of 1910 
confidence regarding the benefits to justify associated cost. An economic 1911 
analysis needs to be conducted to evaluate the cost-benefit of such 1912 
program.  1913 
The use of footbaths has been recommended as a preventive strategy for 1914 
lameness (Davies, 1982; Randhawa et al., 2008) particularly on farms with 1915 
digital dermatitis (Laven and Hunt, 2002; Speijers et al., 2012). Reports on 1916 
the benefits of footbaths for the prevention of claw horn lesions are 1917 
inconsistent (Arkins et al., 1986; Randhawa et al., 2008) and the efficacy of 1918 
this practice in pasture-based dairy farms is unknown. However, this 1919 
practice is recommended in countries that have pasture-based dairy 1920 
systems such as New Zealand (http://www.dairynz.co.nz/animal/herd-1921 
management/healthy-hoof). In our study, only two farms used footbaths on 1922 
a regular basis. The minimal use of footbaths in our study herds suggests 1923 
that farmers do not see a need for or are not convinced regarding the 1924 
efficacy of footbaths.  1925 
  1926 
4.6. Conclusions 1927 
The objective of this study (locomotion scoring and survey) was to assess 1928 
farmers’ perceptions and knowledge regarding the detection, prevention 1929 
and treatment of lameness. Farmers and farm managers were found to 1930 
significantly underestimate the prevalence of lameness. The findings of our 1931 
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study highlight the need for a training program to improve the detection 1932 
and treatment of lame cows to improve cattle welfare and increase the 1933 
likelihood of faster recovery. The proposed lameness training programs 1934 
should highlight the importance of record keeping defining the most 1935 
common lesions on each farm. This will enable farmers to implement the 1936 
preventative measures and management strategies relevant to the 1937 
associated risk factors. The adoption of lameness preventive strategies in 1938 
participating farms in this study was very low which may reflect a lack of 1939 
perceived need, farmers’ knowledge gaps and/or lack of cost-benefit 1940 
evidence. The majority of research studies on lameness have been 1941 
conducted in intensive husbandry production systems and low uptake of 1942 
their preventive strategies by pasture-based farmers in Australia may 1943 
suggest that Australian farmers are not entirely convinced of the benefits of 1944 
such strategies in Australian farming system. This highlights the need for 1945 
more studies to be able to provide evidenced-based recommendations for 1946 
dairy producers.  1947 
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Chapter 5 1951 
 Association between the density of wood and its magnitude of 1952 
wear in wooden hoof blocks used in lactating dairy cows 1953 
- This chapter has been submitted to The Veterinary Journal and is in 1954 
review. 1955 
- The procedures undertaken in this study have been approved by the 1956 
Animal Ethics Committee of the University of Sydney, reference 1957 
number: 2015 / 929. 1958 
 1959 
5.1. Abstract 1960 
Wooden hoof blocks are routinely used for the treatment of lame cows in 1961 
dairy herds. Three types of wooden hoof blocks with different densities 1962 
(low, medium and high) were attached to 36 lactating dairy cows with 1963 
parity ≤ 2 and sound locomotion score ≤2. The height of wooden blocks was 1964 
measured in three different regions; front, abaxial and caudal on days 7, 11, 1965 
14, 18, 21, 25 and 28 after application. Due to the loss of low-density 1966 
wooden blocks, the data for these blocks were analysed for only two 1967 
measurements on days 7 and 11. The height data of medium and high-1968 
density wooden blocks were analysed from day 7 to 25. Statistical analysis 1969 
showed that the magnitude of wear, in all regions, and the number of losses 1970 
differed among the different density blocks. Wooden blocks with low 1971 
density had the greatest wear and loss compared to medium and hard 1972 
blocks. Measurements of commercial wooden blocks (n = 6) revealed that 1973 
the majority had lower density and less surface area than the wooden 1974 
blocks with medium density used in this study. The results of this study 1975 
demonstrate the density of the wooden hoof blocks significantly influences 1976 
the longevity of blocks on cows, therefore the density of blocks should be 1977 
considered by manufacturers and those treating lame cows.      1978 
Keywords: Lameness, Wooden hoof block, Density, Wear, Pasture 1979 
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 1980 
5.2. Introduction 1981 
Lameness is a clinical sign indicating pain in the limb of the cow (Whay et 1982 
al., 1997) and it is considered the most important welfare issue in the dairy 1983 
industry (Webster, 1986). Claw horn lesions causing lameness occur mainly 1984 
on lateral claws (Amory et al., 2008b) of the hind limbs (Cramer et al., 1985 
2008). It has been reported that even after preventative trimming, 70% of 1986 
the total force on the hind limb can be carried by the lateral claws which 1987 
may contribute to higher risk of injury to the claw (van der Tol et al., 2004). 1988 
There is limited evidence on suitability and effectiveness of treatment for 1989 
both sole ulcers (SU) and white line disease (WLD) compared with 1990 
therapeutic programs available for digital dermatitis (Potterton et al., 1991 
2012). Therapeutic value of hoof blocks has been suggested for hoof lesions 1992 
such as sole ulcers and white line lesions (Toussaint Raven, 1985). The 1993 
injured claw is trimmed and a block affixed to the unaffected claw of the 1994 
same foot to reduce the impact of weight on the affected claw (Horseman et 1995 
al., 2013). The application of blocks is purported to expedite the recovery of 1996 
hoof lesions (Blowey, 1998). Blocks are commonly used to manage lame 1997 
cows with blocks applied to 86% and 87% of cows with SU and WLD, 1998 
respectively (Potterton et al., 2012).  1999 
 Pyman (1997) compared the therapeutic efficacy of different types 2000 
of blocks versus the application of a bandage for the treatment of lame cows 2001 
and reported a 66% recovery rate on day 7 in cows treated with wooden 2002 
blocks compared to 32% in cows treated with a bandage (recovery was 2003 
based on cows’ having slight- to no lameness during locomotion). However, 2004 
there was no significant difference in the recovery rates between the two 2005 
groups 14 days after treatment. The recovery rates for different types of 2006 
lesions were not individually reported in this study. A randomised 2007 
controlled study (Thomas et al., 2015) compared various treatments for 2008 
claw horn lesions, where a locomotion score of 0 (sound), 35 days after 2009 
treatment was considered as a measure of successful treatment outcome. 2010 
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Therapeutic trimming, placement of a hoof block and administration of non-2011 
steroidal anti-inflammatories significantly improved treatment outcome 2012 
compared to therapeutic trimming alone (Thomas et al., 2015). Cutler et al. 2013 
(2015) conducted a study to assess the application of wooden hoof blocks 2014 
on behaviour, milk production and locomotion of dairy cattle with no hoof 2015 
lesions. Application of the wooden hoof blocks had minimal effect on these 2016 
parameters in cows with sound feet (Cutler et al. (2015). 2017 
 Hoof blocks are manufactured from different materials, these 2018 
include plastic, rubber, and wood. The size, shape, design and 2019 
characteristics of plastic and rubber blocks are variable requiring each 2020 
product to be assessed individually to determine wear and persistence. 2021 
Studies that have been conducted report contrasting results with one study 2022 
finding poor wear characteristics (Nuss and Tiefenthaler, 1998). Another 2023 
study found PVC blocks to be more persistent (71.3 – 97.8 days) sometimes 2024 
leading to abnormal locomotion and claw lesions necessitating removal 2025 
(Blowey et al., 1999). Wooden blocks are frequently utilized in many 2026 
countries for treatment of lame cows. Despite this there are no studies 2027 
defining the characteristics of the wood required to provide support for the 2028 
duration of claw lesion healing. It is logical to assume that wood density and 2029 
block size and surface area will influence the wear characteristics of 2030 
wooden blocks. The objective of this study was to investigate the 2031 
association between the density of wooden hoof blocks and resistance to 2032 
wear in pasture-based dairy herds using wooden blocks of different 2033 
densities with the same size, shape and surface area. Clarifying the 2034 
relationship between wood density and wear will facilitate hoof block 2035 
selection to provide the required duration of protection that is sufficient for 2036 
the recovery of claw horn lesions. 2037 
 2038 
 2039 
5.3. Material and Methods 2040 
5.3.1. Farm and cow selection  2041 
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All methods were approved by the Animal Ethics Committee of the 2042 
University of Sydney. Thirty-six lactating dairy cows in a pasture-based 2043 
dairy herd fed a partial mixed ration and milked twice daily were enrolled 2044 
in the study. The surface of the holding yard was smooth concrete, with 2045 
grooves parallel along the length of the yard and diamond grooving closer 2046 
to the parlour entrance. The holding yard provided 1.95 m2 of space per 2047 
cow. Cow selection criteria included parity ≤ 2 and locomotion score (LCS) 2048 
≤2 (Table 5.1). Pregnancy status of cows was initially considered as a 2049 
selection criterion to reduce variability in activity between cows across the 2050 
28 day observation period, however, there were insufficient pregnant cows 2051 
meeting the selection criteria requiring 9 non-pregnant cows to be enrolled 2052 
in the study. Cows with a history of lameness during the current lactation 2053 
were excluded from the study. Days in milk (DIM) and pregnancy status 2054 
were recorded for each cow.  2055 
Locomotion scores. Cows were locomotion scored, using the method 2056 
described by Ranjbar et al. (2016) during the morning milking, a day before 2057 
the application of wooden blocks.  2058 
Body weight measurement. A weigh-tape (Coburn weight-by-breed DAIRY 2059 
COW TAPE) was used to estimate the weight of the cows at enrollment 2060 
prior to the application of wooden blocks.  2061 
 2062 
Table 5. 1. Descriptive statistics of the cows on the day of block application 
Blocks 
Cows 
(n=36) 
DIM 
(Average & 
Range) 
Parity 
1 
Parity 2 
LCS  
(1 – 5 scale) 
Average & 
range of 
body weight 
(kg) 
Average milk 
Production 
(L/d) 
LCS 1 LCS 2 
FG 
(Flooded Gum) 
12 
221.4 
(65 – 335) 
8 4 9 3 
647.3 
(501 – 735) 
21.8 
BG 
(Blue Gum) 
12 
208 
(36 – 420) 
7 5 8 4 
593.8 
(504 – 673) 
20.8 
IB 
(Ironbark) 
12 
217.3 
(37 – 341) 
6 6 7 5 
608.3 
(506 – 679) 
20.4 
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5.3.2. Wooden blocks and allocation 2063 
The experimental wooden blocks (133mm in length, 56mm in width and 2064 
19mm in height and an estimated surface area of 64 cm2) were made of 2065 
three different types of wood, i) Flooded gum (FG) (Eucalyptus grandis), ii) 2066 
Blue gum (BG) (Eucalyptus globulus) and iii) Ironbark (IB) (Eucalyptus 2067 
crebra) with identical shape, thickness and grooving pattern. The selected 2068 
cows were matched for LCS and parity and randomly allocated to receive 2069 
one of the three wooden blocks, using the random number generator.  2070 
Block density and weight. The blocks were weighed using a calibrated A & 2071 
D fx-1200i scale (A & D Company Limited, Australia) (Table 5.2). The blocks 2072 
made from Flooded gum weighed on average 63.8 grammes (58.2 – 71.1), 2073 
Blue gum 93.6 grammes (92.1 – 94.7) and Ironbark 126.8 grammes (119 – 2074 
134.5). To measure the approximate density of the blocks in each group a 2075 
single block from each group was chosen based on its proximity to the 2076 
average weight of the group. A cube of each type of block (1 cm3) was cut to 2077 
measure the density of blocks using a modified hydrostatic weighing 2078 
technique based on Archimedes’ principle (Hughes, 2005).    2079 
 2080 
5.3.3. Application of blocks and measurement of wooden block 2081 
height 2082 
Table 5. 2. Description of wooden blocks used in the study 
Blocks / Type of wood 
Average & 
range of 
weight (g) 
Average 
density 
(kg /m3) 
Average & range 
of dorsal wall 
angle 
Category 
FG 
(Flooded Gum) 
63.8 
(58.2 – 71.1) 
547.3 
51.5º  
(44.7º – 57.2º) 
Soft 
BG 
(Blue Gum) 
93.6 
(92.1 – 94.7) 
771.4 
52.3º  
(41º – 57º) 
Medium  
IB 
(Ironbark) 
126.8 
(119 – 134.5) 
1124.3 
50.7º  
(47.1º – 55.8º) 
Hard 
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The blocks were attached to the medial claw of hoofs, on the day of 2083 
enrollment after the morning milking to mimic the common practice used 2084 
for lame cows. As claw lesions are more common in lateral claws of hind 2085 
feet, the wooden blocks were applied to the right hind foot of cows 2086 
(randomly chosen by the toss of a coin). The trimming and application of 2087 
wooden blocks were conducted in a hydraulic WOPA trimming crush 2088 
(WOPA Constructie, Netherlands), by a skilled and experienced study 2089 
investigator. The medial claw was initially trimmed and prepared for the 2090 
application of wooden blocks. The wooden blocks were affixed to the claws 2091 
using Mini-Moo Glue (Bovine Blocking Adhesive, www.moogloo.ca). The 2092 
blocks were lined up flush at the toe and were slightly overhanging at the 2093 
heel. To avoid the interference of glue with the measurement of amount of 2094 
wearing during the study, we attempted to avoid having excessive glue on 2095 
toes, abaxial edges, and heels by scraping off the glue from those areas 2096 
while the glue was still wet. Since we were unable to measure the axial edge 2097 
of the block, we opted to measure the abaxial angle as an indication of 2098 
changes to the axial or abaxial edge of the blocks. The angles of dorsal and 2099 
abaxial walls with the blocks were measured using a digital inclinometer at 2100 
the time of application. Following application of the blocks, the average 2101 
dorsal wall angle was  51.5˚ (41˚ – 57.5˚) (Table 5.2) consistent with the 2102 
recommended angle of 50˚ (Archer et al., 2015) minimising risk of 2103 
abnormal wear induced by hoof block application.  2104 
The height of affixed blocks was measured during milking time on days 7, 11, 2105 
14, 18, 21, 25 and 28 in the milking parlour. The height of the blocks was 2106 
measured at three different points (Front, Abaxial, and Caudal) to estimate 2107 
overall wear across the whole surface of blocks. The dorsal and abaxial wall 2108 
angles were also recorded using a digital inclinometer (SHAHE Co., China).  2109 
 2110 
5.3.4. Evaluation of commercial blocks 2111 
84 
 
Six commercial blocks were sourced from Australia (n = 4) and the UK 2112 
(n = 2). The surface area, weight and densities were measured and compared 2113 
with the wooden blocks used in this study (Table 5.3).  2114 
 2115 
5.3.5. Statistical analysis  2116 
Descriptive statistics. Data were initially explored graphically to determine 2117 
the distribution, trend of changes and missing observations of measured 2118 
variables. A complete dataset was used for the statistical analysis after 2119 
excluding the missing data during the period of study (Table 5.4).   2120 
Linear mixed model with repeated measures. A linear mixed model with 2121 
repeated measures was used to analyse the repeated observations of height 2122 
of the blocks at front, medial and caudal points on days 7, 11, 14, 18 and 25. 2123 
The blocks (groups) and days were the fixed effect terms, and cows were 2124 
the random effects term: 2125 
𝑦𝑖𝑗 = 𝛽0 +  𝛽1𝑋1𝑖𝑗  +  𝛽2𝑋2𝑖𝑗  +  𝜇𝑗  +  𝜀𝑖𝑗    2126 
 [Equation 1] 2127 
In this case "i" refers to individual cows, and "j" to observation for all cows 2128 
in different days; where yij is the response variable (hta: height of block at 2129 
front point; htb: height of block at abaxial point; htc: height of block at 2130 
caudal point; and the abaxial wall angle), β0 (intercept) is the overall mean 2131 
of outcome variables, and β1 to β2 are the fixed-effect coefficients of 2132 
intervention (groups) and time (days), respectively. In this model, X1ij to 2133 
X2ij are the fixed-effect terms, μj is the random effect of individual 2134 
observations, and εij is the residuals (error term). The statistical analysis 2135 
was conducted in R (R.Core.Team, 2014) using linear and nonlinear mixed 2136 
effects models using lme4 (Pinheiro et al., 2016) and MuMIn packages 2137 
(Barton, 2016). Since the majority of cows in FG group lost their hoof blocks 2138 
during the first two weeks of study (Table 5.4), we analyzed the height of 2139 
blocks (i.e. wear off data) for two separate periods and groups, to ensure 2140 
there were a sufficient and balanced number of observations between the 2141 
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groups to warrant a proper statistical analysis. The first analysis was 2142 
conducted on three wooden blocks from day 7 to day 14, and the second 2143 
analysis was conducted on only cows with BG and IB blocks from day 7 to 2144 
25.  2145 
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 2146 
Table 5. 3. Comparison of weight, density, height and surface areas of blocks used in 
this study (FG, BG and IB) and commercial wooden blocks sourced from Australian and 
UK manufacturers* 
Block Weight (g) Density (kg/m3) 
Height 
(mm) 
Surface 
Area (cm2) 
FG (Flooded Gum) 63.8 547.3 19 64 
BG (Blue Gum) 93.6 771.4 19 64 
IB (Ironbark) 126.8 1124.3 19 64 
Australia 1 (Large) 73.6 513.3 19.4 70 
Australia 2 (Small) 74.8 735.7 19.4 57.5 
Australia 3 73.5 727.0 18.7 50.5 
Australia 4 57.7 767.3 21.8 53.5 
UK 1 (Large) 67.7 755.6 24 58 
UK 2 (Small) 91.5 842.9 19.8 49 
* These parameters measured using the same method used for the study blocks. 
Table 5. 4. Number of cows losing their hoof blocks during the study 
 Days and no of cows lost their blocks  
 Day 3 Day 7 Day 11 Day 14 Day 18 Day 21 Day 25 Day 28 
FG1 
(n=12) 
2 0 0 6 3 1 - - 
BG2 
(n=12) 
0 0 1 3 2 1 0 0 
IB3 
(n=12) 
2 0 0 2 2 0 0 2 
1 Flooded Gum; 2 Blue Gum; 3 Ironbark 
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5.4. Results  2147 
Descriptive statistics of cows, such as DIM, LCS, parity and milk yield are 2148 
presented in Table 1. Cows travelled to different day and night paddocks 2149 
during the study and the estimated average walking distance was 2204.1 2150 
meters per day (range from 1320.8 to 3284.3 meters per day). Rainfall only 2151 
occurred once during the study and it was measured to be 22 mm on the 2152 
day after application. 2153 
Although the sample size of 36 cows was chosen for enrollment initially, at 2154 
the time of the first measurement (day 7) four cows were missing their 2155 
block (11%) (Table 5.4). This number was comparable to earlier studies 2156 
using hoof blocks (Pyman, 1997; Nuss and Tiefenthaler, 1998; Cutler et al., 2157 
2015). The total number of blocks lost gradually during the study is shown 2158 
in Table 4. In the FG group (soft) 60% of the cows lost their hoof blocks by 2159 
day 14 and 90% by day 18, which was greater than the frequency of losses 2160 
in BG (medium) and IB (hard) groups. Approximately 50% of cows in BG 2161 
and IB groups lost their hoof blocks by day 21 and 28, respectively (Table 2162 
5.4). 2163 
Comparison of the three wooden blocks on days 7 and 11 showed that the 2164 
amount of wear at the front part of FG blocks (point a) was greater than BG 2165 
and IB blocks (Table 5; P < 0.001). The heights of BG and IB blocks at the 2166 
front (point a) were 4.82 and 6.12 mm more than the FG blocks, 2167 
respectively (Table 5.5), indicating that higher density blocks (BG and IB) 2168 
wear less than lower density (FG) blocks (Figures 5.1 to 5.3). The amount of 2169 
wear also increased over time for all groups (Table 5.5; P < 0.001). 2170 
Similarly, the magnitude of wear of BG (3.11mm) and IB (4.68mm) blocks 2171 
was less than FG blocks (Table 5.5) at the abaxial point of the blocks (point 2172 
b), which also increased during the period of study (P < 0.001). The heights 2173 
at the caudal point (point c) of the BG blocks were similar to those in FG 2174 
group (P = 0.322) but differed from the height of IB blocks two weeks after 2175 
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affixing the blocks. In comparison to the BG and IB blocks, the soft blocks 2176 
(FG) showed a tendency of wear on the abaxial edge (P < 0.05, Table 5.5).  2177 
In the second analysis, the height of BG and IB wooden blocks were 2178 
compared from day 7 to 25 (Table 5.6). The wear of BG blocks did not differ 2179 
from IB blocks at the front point (a) (P = 0.236, Table 5.6) but the height of 2180 
the caudal points of IB blocks tended to be greater than the BG blocks (P = 2181 
0.055, Table 5.6). 2182 
Six wooden blocks were sourced from Australian and UK manufacturers.  2183 
The estimated surface area of these blocks ranged from 49 to 70 cm2, 2184 
density from 513.3 – 842.9 kg/m3 and height from 18.7 – 24 mm (Table 2185 
5.3).  2186 
Figure 5.1. Mean height of blocks (±SE) at the front edge (point a) 
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 2187 
Figure 5.3. Mean height of blocks (±SE) at the abaxial edge (point b) 
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Figure 5.2. Mean height of blocks (±SE) at the caudal edge (point c) 
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 2188 
5.5.  Discussion 2189 
The study was conducted to investigate the association between the density 2190 
of three different wooden hoof blocks and the amount of wear. It was aimed 2191 
to estimate the density of the wood that is suitable for manufacturing 2192 
wooden hoof blocks used in pasture-based dairy farming and to compare 2193 
this to commercially available wooden hoof blocks.  2194 
The number of early block losses (n = 4, 11%) are similar to a recent study 2195 
on wooden blocks applied to freestall cows (n = 1, 10%) (Cutler et al., 2196 
2015). However, our results were lower than an earlier pasture-based 2197 
study (Pyman, 1997) who reported a 17.9% loss of blocks by day 3. Early 2198 
loss of wooden blocks up to 20.1% has been reported by Nuss and 2199 
Tiefenthaler (1998). The greater loss seen in the FG group by day 14 could 2200 
be due to the rainfall of 22 mm after the day of application of blocks, making 2201 
Figure 5.4. Mean abaxial wall angle of FG, BG and IB blocks at 7 to 28 days 
post application 
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paddocks and track conditions wet and muddy. However, since cows in all 2202 
groups were exposed to similar environmental conditions, it would be 2203 
unlikely that this has contributed to the greater loss. The most likely 2204 
explanation for the greater losses in the FG group is the differences in block 2205 
density which was associated with increased wear which would have 2206 
weakened the blocks making them more prone to wearing or breaking off. 2207 
This was supported by our observations, where we noticed the presence of 2208 
remnants of glue on the hoof of cows in FG group (on day 14) after the loss 2209 
of blocks. Half of the medium (BG) and hard (IB) block groups were lost by 2210 
day 21 and 28, respectively. This was similar to the study of Pyman (1997) 2211 
where a loss of 49.7% by day 14 and 70% by day 30 was reported. 2212 
 Comparison of the three blocks on days 7 and 11 showed that, not only 2213 
blocks with higher density remained attached to the hoof for a longer 2214 
period of time, but also wear more slowly providing longer elevation of the 2215 
opposite claw (Table 5.5). However, our second analysis between the 2216 
medium (BG) and high (IB) density blocks failed to show significance except 2217 
for the caudal measure point (P = 0.055). We suspect that the small sample 2218 
size and the high percentage of lost blocks during the later stage of study 2219 
limited our ability to determine and quantify other risk factors that may 2220 
contribute to the magnitude of wear. The resilience of the higher density 2221 
blocks compared to the soft block demonstrate that these blocks will be 2222 
able to provide support for up to 4 weeks, consistent with the time required 2223 
for healing of claw lesions (Sala et al., 2008). 2224 
The distribution of wear across the harder blocks (BG and IB) was more 2225 
even maintaining a more consistent abaxial wall angle compared with the 2226 
soft block (FG). The soft blocks (FG) showed a tendency of wear on the 2227 
abaxial edge increasing the abaxial wall angle (Figure 5.4) hence tilting the 2228 
foot. The cows enrolled in our study had sound locomotion, however, lame 2229 
cows have imperfect locomotion, due to pain and lower nociceptive 2230 
threshold (Laven et al., 2008). This may influence the magnitude and extent 2231 
of wear at different regions of the wooden hoof blocks. More studies are 2232 
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needed to determine wear patterns in lame cows with different hoof 2233 
lesions.  2234 
The objective of applying hoof blocks is to relieve weight bearing on the 2235 
diseased claw during the healing process. The capacity of the block to 2236 
relieve weight bearing will be influenced by the longevity, wear 2237 
characteristics and height of blocks. A number of studies have examined 2238 
time taken for hoof lesions to heal. It has been reported that fifty days is 2239 
required to form a solid layer of horn over sole ulcers (Lischer et al., 2240 
2002a). The rate of healing may also be influenced by ancillary treatments. 2241 
The study of Thomas et al. (2015) found a statistically significant increase 2242 
in the rate of healing (56.1% versus 24.4%) when non-steroidal anti-2243 
inflammatory therapy was administered in addition to the application of a 2244 
wooden block (Thomas et al., 2015). In a subsequent study (Thomas et al., 2245 
2016) chronically lame cows were observed to recover over 28 days. While 2246 
a specific time interval to healing after the application of hoof blocks has not 2247 
been well defined Sala et al. (2008) recommend support be provided for 2248 
approximately 4 weeks.  2249 
Hoof blocks should have sufficient height to reduce the likelihood of weight 2250 
bearing on the injured claw. In our study, the average height of soft wood 2251 
(FG) hoof blocks was worn to less than 40% of its original height (19mm) 2252 
by day 11, which makes it an unsuitable block to be used for the treatment 2253 
of lame cows. The height of the medium (BG) and hard (IB) blocks was 2254 
worn to 50% of their original height by days 14 and 21, respectively. The 2255 
results of our study indicate the medium blocks (BG) (771.4 kg/m3) are 2256 
superior to the soft blocks (FG). While the hard blocks (IB) had the best 2257 
wear characteristics, the wood used to manufacture these blocks (IB) is not 2258 
available in a thickness of more than 19mm (Camden Cow Clogs, Per Comm. 2259 
2016). The findings of our study suggest wooden hoof blocks with 19 mm 2260 
height may not be sufficient to prevent weight bearing by the diseased claw 2261 
for 4 weeks. This supports the study by Nuss and Tiefenthaler (1998), 2262 
where it was suggested that blocks with heights more than 25 mm are 2263 
preferred especially for more severe cases of claw lesions.  2264 
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There are a variety of wooden hoof blocks of different shapes, sizes and 2265 
densities available around the world. In assessment of the wooden blocks 2266 
sourced from Australian and UK manufacturers, we found that five of the six 2267 
blocks had a smaller surface area and five had a lower density than the 2268 
medium density blocks tested in this study (Table 5.3). Of the commercial 2269 
blocks evaluated the larger surface area blocks manufactured for larger 2270 
cows were made of lower density wood than the smaller blocks which 2271 
would predispose to rapid wear and potential early loss. Given these 2272 
findings, it appears likely that many of the commercially available blocks 2273 
will be unlikely to provide relief for the recommended 4-weeks. However, 2274 
Shearer et al. (2015) mentioned that healing of the lesions is dependent on 2275 
the severity of the lesion which can take from 21 -30 days to 40 and 2276 
possibly 60 days for the severe lesions. 2277 
2278 
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Table 5. 3. Coefficient (± se) and least square mean (LSM) of the amount of wear on a 
(front), b (abaxial), c (caudal) points of FG, BG and IM wooden blocks with different 
densities measured on days 7 and 11 
Measure 
point 
Block / Days 
Coefficient ± 
SE 
P-Value R2 LSM & 95% CI 
Block height 
at point “a” 
Front 
FG1 
(Reference) 
  
0.887 
10.29 
(8.62 – 11.97) 
BG2 4.82 ± 1.07 < 0.001 
15.12 
(13.65 – 16.59) 
IB3 6.12 ± 1.07 < 0.001 
16.42 
(14.96 – 17.88)  
Days - 0.58 ± 0.08 < 0.001 - 
Block height 
at point “b” 
Abaxial 
FG (Reference)   
0.866 
11.48 
(9.56 – 13.4) 
BG 3.11 ± 1.23 0.019 
14.60 
(12.90 – 16.29) 
IB 4.68 ± 1.23 0.001 
16.17 
(14.49 – 17.85) 
Days - 0.61 ± 0.09 <0.001 - 
Block height 
at point “c” 
Caudal 
FG (Reference)   
0.922 
12.17 
(9.78 – 14.56) 
BG 1.55 ± 1.53 0.322 
13.72  
(11.62 – 15.83) 
IB 3.77 ± 1.53 0.022 
15.95  
(13.85 – 18.05) 
Days - 0. 63 ± 0.07  <0.001 - 
Abaxial wall 
angle 
FG (Reference)   
0.506 
75.12 
(72.41 – 77.83) 
BG 4.07 ± 1.73 0.028 
79.20 
(76.82 – 81.57) 
IB 4.79 ± 1.72 0.011 
79.91 
(77.58 – 82.25) 
Days 0.13 ± 0.23 0.556 - 
1 Flooded Gum; 2 Blue Gum; 3 Ironbark 
 2279 
 2280 
 2281 
 2282 
 2283 
 2284 
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5.6. Conclusions 2285 
Wooden blocks have been used to treat lame dairy cows for more than 60 2286 
years; however, not much attention has been paid to the characteristics of 2287 
this important ancillary tool. The density of the wood used in 2288 
manufacturing wooden hoof blocks was found to influence longevity, wear 2289 
Table 5. 4. Coefficient (±se) and least square mean (LSM) of the amount of wear on points 
a (front), b (abaxial) and c (caudal) of BG and IB wooden blocks, measured on days 7, 11, 
14, 18, 21 and 25 
Measure point Block Coefficient ± SE P-Value R2 LSM & 95% CI 
Block height at 
point “a” Front 
BG 
(Reference) 
  
0.888 
11.66 
(10.07 – 13.26) 
IB 1.30 ± 1.05 0.236 
12.96 
(11.39 – 14.54) 
Days - 0.61 ± 0.03 <0.001 - 
Block height at 
point “b” 
Abaxial 
BG 
(Reference) 
  
0.915 
11.45 
(10.14 – 12.76) 
IB 1.90 ± 0.87 0.044 
13.35 
12.05 – 14.65) 
Days - 0. 54 ± 0.02 <0.001 - 
Block height at 
point “c” 
Caudal 
BG 
(Reference) 
  
0.950 
11.15 
(9.60 – 12.69) 
IB 2.13 ± 1.03 0.055 
13.28 
(11.74 – 14.83) 
Days - 0.48 ± 0.01 <0.001 - 
Abaxial wall 
angle 
BG 
(Reference) 
  
0.915 
78.56 
(76.94 – 80.17) 
IB 0.59 ± 1.05 0.579 
79.16  
(77.61 – 80.71) 
Days - 0.06 ± 0.06 0.314 - 
1 Flooded Gum; 2 Blue Gum; 3 Ironbark 
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and subsequently hoof angle. The commercially available blocks tested 2290 
tended to have a small surface area and low density, characteristics 2291 
determined to be associated with excessive wear and short longevity. 2292 
Further studies are needed to investigate the optimal density, height, and 2293 
shape of wooden hoof blocks used for the treatment of lame cows under 2294 
different management conditions.  Suffice to say that when it comes to hoof 2295 
blocks there are a diversity of products on the market and it is 2296 
inappropriate to assume the performance of the different products are the 2297 
same. 2298 
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Chapter 6 2305 
 General Discussion 2306 
Lameness is a significant cause of economic loss and compromised welfare 2307 
for the dairy industry. This thesis focuses on two important aspects 2308 
concerning lameness, risk factors and treatment.  2309 
The Australian dairy industry has evolved towards larger farms with higher 2310 
production and a predominance of the Holstein Friesian breed (Parkinson 2311 
et al., 2010). Aiming for higher production has led to supplement and 2312 
concentrate feeding of the cows, either in bails or as PMR (Partial Mixed 2313 
Ration), and the introduction of feed pads to farms, especially in NSW. 2314 
Introduction of new practices to dairy farms also introduces possible new 2315 
risk factors for lameness. Limited studies have been conducted in Australia 2316 
regarding lameness, the one study on lameness associated risk factors was 2317 
conducted in Victoria by Harris et al. (1988). Since then there have been 2318 
significant changes in the industry and evolution of different supplementary 2319 
feeding systems for pasture-based dairy systems in Australia.  2320 
The risk factor study (Chapter 3), aids farmers, veterinarians and farm 2321 
advisors in identifying possible risk factors contributing to lameness in 2322 
dairy farms. The generalised linear model showed that rough handling of 2323 
cows causing sideways pushing amongst the cows to avoid the handler was 2324 
a significant risk factor. This is especially important in less dominant cows 2325 
as they try to avoid confrontation by more dominant cows (Chesterton, 2326 
2015). Other factors such as the amount of space (m2) available per cow in 2327 
the holding yard, number of cows holding their heads up while in the 2328 
milking yard just before the start of milking, holding yard rough concrete 2329 
surface, higher average rainfall during the 30 days prior to the scoring and 2330 
average milk production, were found to be associated with higher odds of 2331 
lameness. It was also demonstrated that on feed pads (without separators) 2332 
available feeding space (m) per cow was associated with lameness, where 2333 
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farms with more feeding space had lower prevalence of lameness. 2334 
Addressing these risk factors not only helps in lowering prevalence of 2335 
lameness in existing dairies but also helps when planning new dairy 2336 
facilities.  2337 
This study also presents the first official report on prevalence of lameness 2338 
in NSW and is the largest scale published study on lameness in Australia. 2339 
Prevalence of lameness in NSW herds was higher than pasture-based 2340 
dairies in New Zealand (Fabian et al., 2014). Our results were similar to 2341 
some of the Northern US studies (Cook, 2003), suggesting use of feed pads 2342 
and exposure to concrete may be a significant contributor to lameness. 2343 
Studies on prevalence of lameness provide information on importance and 2344 
potential cost of the disease to the industry. The wide range of prevalence 2345 
found in this study (5% - 44.6%) demonstrates that some farms have 2346 
succeeded in preventing or controlling lameness. Conversely, cost of 2347 
lameness on high prevalence farms is likely to be substantial.  2348 
A larger scale study across different states or regions of the country would 2349 
help cluster and compare low lameness farms with high lameness farms 2350 
thus providing information on risk factors contributing to the prevalence of 2351 
lameness. Given the experience from the NSW study, there are a number of 2352 
things that could be done differently if a national lameness investigation 2353 
was conducted. One of the main limitations in the risk factor study was the 2354 
process of sampling as farms were not randomly selected, and it is likely 2355 
that they were a more informed group of farmers in the industry. In a 2356 
nationally based study, it would be possible to select the farms on a random 2357 
basis overcoming this issue. In our study, the whole herd was locomotion 2358 
scored, however, the locomotion scores were recorded as a tally, making 2359 
the herds the unit of observation. In a more extensive study, by training 2360 
multiple observers it would be more valuable to record the tag number of 2361 
the cows. This would mean that the unit of observation would be the cows 2362 
and by gathering individual cow data such as parity, days in milk, milk 2363 
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production etc., ecological fallacy shortfall in the results of the study could 2364 
be overcome.  2365 
One of the issues encountered was the difficulty in obtaining meaningful 2366 
data on specific aspects of nutrition. This was mainly due to the limited 2367 
knowledge of the farmers on the composition of the pellets manufactured 2368 
by feed companies. In a more detailed study, it would be advised to consult 2369 
the nutrition advisors in order to obtain more detailed data on diet of the 2370 
cows. However, some farmers did not have nutritionists and sourced pellets 2371 
from feed companies based on their own preference. In contacting these 2372 
feed companies, we were not able to gather data due to confidentiality.     2373 
The study presented in Chapter 4 focused on farmer awareness in regards 2374 
to lameness. Studies around the world have shown that perception of 2375 
lameness by farmers is lower than that of an experienced observer (Whay 2376 
et al., 2003; Espejo et al., 2006; Sarova et al., 2011). This could contribute to 2377 
the higher prevalence of lameness seen in our farms compared to studies 2378 
from New Zealand (Fabian et al., 2014). The NSW farmers’ lameness 2379 
prevalence estimate (5%) was 3.7 times lower than that found by the 2380 
trained researcher (18.5%). Failure in recognising lame cows can lead to 2381 
increased prevalence of chronic cases of lameness due to receiving late- or 2382 
no treatment. Newsome et al. (2016) showed that chronically lame cows 2383 
are more likely to develop bony prominence on their distal phalanx, 2384 
resulting in an imperfect locomotion throughout the rest of their productive 2385 
life. It was also found that the average estimated time from detection of 2386 
lameness to treatment of a lame cow was around 55 hours. In 28% of the 2387 
farms, lame cows were treated by an untrained farmer or staff member. The 2388 
late treatment of lame cows, coupled with inappropriate therapeutic 2389 
trimming practices can lead to complicated and more severe lesions 2390 
(Groenevelt et al., 2014) delaying the healing process (Leach et al., 2012). 2391 
The lack of training and knowledge of the farmers was also evident in the 2392 
fact that almost 87% of the farms did not routinely trim their cows during 2393 
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lactation. This may reflect the fact that farmers do not perceive a problem 2394 
or lack of awareness or belief regarding the benefits of the procedure.  2395 
In a national lameness survey, sample selection should be randomised 2396 
which would increase the statistical power of the study. By enrolling a 2397 
higher number of farms, it is more likely to increase awareness towards 2398 
lameness and its importance. One of the main findings of this project was 2399 
the lack of records on lame cows on farms. By increasing awareness and 2400 
knowledge of the farmers on lameness and emphasising the importance of 2401 
lameness data recording on farms prevention of lameness can be done 2402 
more effectively across dairy farms.   2403 
There is very little research focusing on treatment procedures for managing 2404 
lame cows. Potterton et al. (2012) was able to only find three peer-2405 
reviewed articles published between 2000 and 2011 that explored 2406 
treatment of claw horn lesions. One of the main aspects of treatment of 2407 
lameness is alleviation of the pain to improve cow welfare. This is usually 2408 
done in cows by the administration of non-steroidal anti-inflammatories 2409 
and/or placement of a hoof block on the opposite sound claw. However, in 2410 
the non-peer reviewed literature Potterton et al. (2012) found that less 2411 
than 5% mention the use of NSIADs in treatment of sole ulcers and white 2412 
line lesions while more than 85% used hoof blocks in their treatments. The 2413 
extensive use of blocks compared to NSAIDs might also be the fact that hoof 2414 
trimmers, who deal with lame cows on a regular basis, are not allowed to 2415 
prescribe NSAIDs in parts of the world. In a survey in the UK (O'Callaghan 2416 
Lowe et al., 2004), 79% of the veterinarians and 97% of the hoof trimmers 2417 
used hoof blocks in treatment of lame cows, however, only 27% of the lame 2418 
cows treated by the veterinarians received anti-inflammatories as part of 2419 
their treatment. The use of NSAIDs in treatment of cases of lameness does 2420 
not seem to match the use of hoof blocks, which may reflect the lack of 2421 
awareness of the benefits of NSAID therapy by vets.       2422 
Despite hoof blocks being used for more than 60 years (Nuss and 2423 
Tiefenthaler, 1998) and their extensive use, they have not gained much 2424 
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attention in the research per se. Wooden hoof blocks are used more 2425 
commonly in treatment of lame cows. Their advantage over plastic hoof 2426 
blocks seems to be their biodegradability and the fact that they wear off 2427 
over time and there’s no need to pull them off. Wooden hoof blocks are 2428 
expected to provide support for the duration of healing of the treated 2429 
lesion. However, our study found that density of the wooden block affects 2430 
its performance and its longevity in providing support for the cow. By 2431 
comparing wooden blocks from different sources with the study’s 2432 
suggested hardness, it was found that most wooden hoof blocks are not 2433 
likely to last on lame cows for a sufficient time. This can result in a delay in 2434 
healing due to weight bearing, which may impair treatment outcome and 2435 
lead to lesion relapse. This study highlighted that although wooden hoof 2436 
blocks are made and used extensively around the world, more attention 2437 
needs to be paid to this ancillary treatment tool. Knowledge on properties 2438 
of hoof blocks used on lame cows can aid in anticipation of block longevity 2439 
and need for re-evaluation of lesions and re-application of blocks. This is 2440 
specifically important as O'Callaghan Lowe et al. (2004), found that only 2441 
22% of the hoof trimmers and 36% of veterinarians check the outcome of 2442 
their treatment of lame cows. 2443 
The block wear study was conducted as proof of concept, which allowed for 2444 
a smaller sample size. One of the limitations of the study was the lack of 2445 
pedometers and data on the exact daily walking distance by cows. By 2446 
knowing a more accurate daily walking distance by cows, wood density, 2447 
cow weight, block height and surface area, we could have generated a 2448 
model in expectancy of longevity for specific block types.   2449 
In conclusion, number of studies on lameness in Australian dairy cattle are 2450 
greatly lacking. The lack of knowledge on lameness in our farmers and farm 2451 
managers and their ability to identify lame cows was palpable. The studies 2452 
presented in this project addressed some of the most important gaps in 2453 
lameness knowledge by the Australian dairy industry. By outlining risk 2454 
factors associated with lameness in our dairy herds we aim to minimise 2455 
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prevalence of lameness in our farms. Our studies also point out a need for 2456 
lameness awareness workshops or seminars by industry leaders in order to 2457 
increase the level of knowledge amongst farmers and farm advisors. In 2458 
addition, workshops will enhance knowledge on locomotion scoring, 2459 
benefits of trimming, treatment of lame cows and use of wooden hoof 2460 
blocks. Our final study addressed a significant gap of knowledge on the 2461 
longevity of the wooden hoof blocks and can be used as grounds for further 2462 
research on this important tool around the world and will aid in improving 2463 
cattle welfare.         2464 
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Appendix 1 
Farm sheet assessment and Farmer interview sheet for Chapter 3 and 4. 
HERD DATA   Date:      
Herd ID: 
Farm  er Name: Farm Name: 
Farm Address (Town name is sufficient):  
Main Breed of Cow in Milking Herd:  
Current Total Cows Milked: 
Current Average Daily Milk Production:  
Average peak in milk production:  
Feeding System: 
  Pasture + other Forages + Up to 1.0 Ton Grain/Concentrates fed in Bails 
  Pasture + other Forages + More than 1.0 Ton Grain/Concentrates fed in Bails 
  Pasture / PMR ± Grain Fed in Bails (Pasture for most or all of the year) 
  Hybrid System (Pasture<9months) / PMR on feed pad ± Grain fed in Bails 
   TMR System (Zero Grazing) Calving Pattern: 
  Seasonal 
 
  Split (Spring / Autumn) 
 
  Batch 
 
  Year-round 
………………………………………………………………………………………………………………………………. 
 
Best Method of Contact: 
- Email: 
- Fax: 
- Postal Address: 
- Mobile # 
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HERD RISK ASSESSMENT SHEET (FARMER) 
 
Each question should be answered if the condition exists on the farm. Add comments if necessary. 
 
1 On average what distance do cows walk every day?  
2 For how many months do you milk three times a day?  
 
3 
How long does the milking take? (from the time the first cow 
gets in the holding yard till the last one out) 
 
4 What is the milking shed design?  
5 What is the total number of milkers working on the farm?  
6 What is the total number of milkers per shift?  
 
7 
How many of the milkers are the farmer's family members?  
8 Are the cows kept in the yard after milking? If YES how long? YES   /   NO
 ……
…………. 
9 Do all the milkers use the backing gate the same way? YES   / NO /  NA 
 
10 
Is there any pipework or sharp bits in the yard or at the 
entrance which can cause injury to the cows? 
 
YES   / NO 
11 Do you use dogs to bring the cows to milking? YES   / NO 
12 Do you use motor bike to bring the cows to milking? YES   / NO 
 
13 
Has the milking herd been locomotion scored in the last six 
months? 
YES   / NO 
14 How often are all the cows trimmed in a lactation? Once  / Twice / When they get lame 
15 On average how many lame cows do you treat every month?  
 
16 
How Many lame cows do you have in the milking herd at the 
moment? 
 
 
17 
Does the person attending the lame cows have official training 
in claw trimming? 
 
YES /   NO 
18 Are treated hoof lesions recorded? (By the vet or the farmer) YES   / NO 
 
19 
What is the average time interval from detection of lameness 
in a cow and treating it? 
 
 
20 
Are the lame cows rechecked after being treated? If YES how 
long after treatment? 
YES   / NO 
21 Is there a hospital area close to the dairy for lame cows? YES   / NO 
22 Are the heifers introduced to concrete before calving? YES   / NO 
23 How often is the footbath (or mats) used?  
24 What is the solution commonly used in the footbath or on the mat?  
25 How much solution is added to the footbath or the mat?  
26 How often is the solution changed?  
27 How much time do cows spend on concrete outside of milking time?  
28 How long do the cows have to stand for any treatment or AI?  
29 What is the average range of milk fat?  
30 What is the average range of milk protein?  
31 Do the cows get Grain/Pellets while being milked? If YES, Please specify how much a day: 
Please specify the main ingredient: 
32 Is Rumensin included in the diet? YES  / NO If YES, How much per cow? 
33 Are buffers added to the ration? YES  / NO If YES, How much per cow? 
34 Is biotin included in the diet? YES  / NO If YES, How much per cow? 
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35  B. What is the main material used as the top layer? 
 
 
 
36  C. How often is the maintenance done? 
 
37  D. How is the maintenance done on the track? 
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HERD RISK ASSESSMENT SHEET (Investigator) 
Each question should be answered if the condition exists on the farm. Add comments if necessary. 
A. Farm Risk Factors 
 1. Milking and Holding Yard: Notes 
1 Are all the milking herd held in the yard prior to the start of 
milking? 
YES   / NO 
2 How many cows are held in the holding yard at milking?  
3 Is there a backing gate in use? YES   / NO 
4 How many cows hold their heads up while waiting in the holding 
yard? 
O Before the milking starts or before the backing gate is 
moved: …………………………. 
O After the backing gate has been moved for the first time: 
…………………………. 
5 Do the milkers come out and get the cows in the parlour? YES   / NO   /   Occasionally   / For the final cows 
6 How much time are the cows given to adjust themselves before 
moving the backing gate for the first time? 
 
7 How long is the backing gate left on to push the cows in for 
milking? 
First Time: 
During milking: 
8 Is the concrete in the yard grooved? YES   / NO 
9 What is the surface score of the holding yard? (please refer to 
appendix 1) 
 
10 What is the average gradient of the holding yard? (measured at 
the entrance of parlor, the exit and the point between these) 
 
………………………………. 
11 How many sharp turns are there entering and exiting the dairy?  
2. Track Design and Herding Along the Track: 
"Main Track" is the track that is used by the cows for more than 9 months of the year. 
 Notes 
12 What's the length of the furthest track?  
13 How many tracks lead up to the holding yard?  
14 What's the length of the "MAIN" track?  
15 What is the average width of the "MAIN" track, leading to the 
holding yard? (measure every 50 meters) 
 
16 What is the average gradient of the "MAIN" track? (Measure 
every 50 meters) 
% 
17 Overall how steep are the tracks in the milking farm? 1. Flat (<10% of the tracks are steep) 
2. Slightly Steep (11-30% are steep) 
3. Moderately Steep (31-70% are steep) 
4. Very Steep (>70% are Steep) 
18 Is the "MAIN" track crowned? NO If  YES 
O Crowned from center to sides 
O Crowned from one side to the other 
19 To what degree is the surface of the "MAIN" track crowned? 
(measure every 50 meters) 
O Flat Suface 
O Moderately Crowned (3-5%) 
O Excessively Crowned (6-10%) 
20 How wide is the "MAIN" track when it joins the holding yard? ……………………………m 
21 Does the water drain outside the "MAIN" track? YES   / NO 
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22 Is there a barrier between the "MAIN" track and the concrete in 
order to stop the rocks from getting onto concrete? 
 
YES   / NO 
23 Is the barrier efficient in keeping the rocks out? YES   /   NO   /  NA 
24 Does the water drain from the holding yard on to the "MAIN" 
track? 
YES   / NO 
25 On the track are the cows allowed to drift towards the yard? YES   / NO 
26 Do the last cows hold their heads up while walking towards the 
yard? 
YES   / NO 
27 Are there any sideway pushings or reversings obvious while 
herding? 
YES   / NO 
3. Foot Bath and Feeding: 
 Notes: 
28 Is there a footbath present? If YES please answer the questions below YES   / NO 
29 What kind of footbath is it? O Concrete / Built-in O Mat 
O Temporary plastic O Temporary metal 
O Other (Please specify) 
30 What is the length of the footbath?  
31 What is the width of the footbath? If not mat  
32 What is the depth of solution made in the footbath? If not mat  
33 Is there a wash bath before the footbath? YES   / NO 
34 How far apart are the wash bath and the footbath? …………………………………./   NA 
35 Are the cows fed on feed troughs? YES   / NO 
36 How long is the feed trough?  
 
Measurements: 
Percentage of cows holding their heads up in the holding yard: O Before the milking starts or before the backing gate is 
moved 
 
O After the backing gate has been moved for the first time: 
Holding Yard measurments: 
Holding Yard AREA calculation: 
What is the space available for each cow in the holding yard? 
Foot Bath Solution Volume: 
Final Concentration/Strength of the solution used in footbath: 
Trough space available for each cow? 
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Sketch of the holding yard and measurements 
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locomotion Scoring Sheet: (Please use appendix  2 as a guide) 
 
I  locomotion 
Score 
1 2 3 4 
     
I Total 
    
 
•Locomotion Scoring should be done after milking while cows are walking out of the milking parlor. 
And it's best if they walk on a hard, straight surface like concrete. 
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Length Width Gradient 
   
 
Main Track: 
 
              
 
 
Milking and Holding Yard: 
‐ Cows holding their heads up: 
 
‐ Time to adjust: 
 
‐ Backing gate time: 
 
‐ Milkers getting the cows in: 
 
‐ Sharp Turns entering and Exiting: 
 
‐ Holding Yard measurements done ⃝ 
 
‐ 
Time On Concrete (if possible): 
‐ First cow on concrete to milking: 
 
 
 
‐ First Cow out of milking: 
 
 
 
‐ First Cow on feed‐pad: 
 
 
 
‐ Last Cow out of Milking: 
 
 
 
‐ Last cow off Feed‐pad: 
Other Observations: 
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OBSERVATIONS: 
 
133 
 
• Concrete Scoring Guide: (All pictures and charts from Faull et al., 1996) 
o Surface Scoring Template: 
 
 
Figure 1: Concrete Surface, Very Smooth; Score 1 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2: Concrete Surface, Satisfactory; Score 3 
 
 
 
 
 
Figure 3: Concrete Surface, Very Rough; Score 5 
 
Score Classification  
 
1 Very Smooth 
 
2 Smooth 
 
3 Satisfactory (good grip and without coarse projections) 
 
4 Rough 
 
5 Very Rough (broken and exposed very coarse material) 
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• LOCOMOTION SCORING Guide 
 
Score 1 
 
Non Lame 
Score 2 
 
Slight Lameness 
Score 3 
 
Moderate Lameness 
Score 4 
 
Severe lameness 
•Walks rapidly and 
confidently, making 
long strides with a level 
back 
•Walks more slowly, 
making shorter strides 
• Slightly arched back 
•Does not appear to 
favour a limb 
•Often thin, walks 
slowly making 
deliberate short steps, 
with an arched back 
•Encounters some 
difficulty turning 
•Affected limb may 
swing out when the cow 
walks 
•Head carried low or 
bobbing up and down 
•Usually very thin. 
•Moves v ry slowly 
with a pronounced 
arched back 
•Affected limb only 
partially weight bearing 
•Extreme difficulty 
turning 
 
 
 
 
• Locomotion scoring using the arching of the back is subjective in front limb 
lameness as cows can be severely lame in front limb and have a straight 
back. 
 
• If lameness is detectable in the front limb, depending on the amount of 
weight bearing locomotion score for that cow would be 3 or 4. 
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Appendix 2.  Block Height and Angle Measurement sheet (Chapter 5). 
Measurement Day ……       Date: 
 
no TAG A B C DWANGLE ABWANGLE 
1       
2       
3       
4       
5       
6       
7       
8       
9       
10       
11       
12       
13       
14       
15       
